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CHAPTER 1

IRTRODUCTION

INTRODUCTION

The Regional Water Quality Control Board, Central Cocast Region
(Regional Board) has concluded that the gquality of groundwater in the
Los Osos/Baywood Park area of San Luls Obispo County is being degraded
by excessive nitrate and bacteria concentrations. The primary source of
these contaminants has been identified as septic tank .effluent dis-
charged from individual septic tank/leach field systems which currently
provide wastewater treatment and disposal throughout the area. In order
to mitigate the decline in quality of groundwater in the area, the
Regional Board adopted an amendment to the Water Quality Control Plan,
Central Coast Basin (Basin Plan) which prohibite individual and cluster
septic tank/leach field systems in the Los Osos/Baywood Park area as of
1 November 1988, The Baasin Plan amendment also established a time
schedule for design and construction of a wastewater collection system
and centralized treatment and disposal system for the area to replace
the septic tank/leach field pystems (Reference 1.1).

The purpose of this Phase I Planning Study is to define the most
cost-effective and technically feasible methods for collection, treat-
ment, and disposal of asewage from the Los 0Oso/Baywood Park area in

accordance with the requirements of the amended Basin Plan and the.
Regional Board. The results of this study will be used as the basgis for

subsequent preliminary design and financial planning for the sewsrage

project.
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HISTORY

The history leading to this planning study for the Los Osoa/Baywood

Park sewerage project is long and eventful. A synopsis of the history

is as follows:

254a/2

June 1271. Interim Basin Plan prepared by the Reglonal Board
prohibits on-site septic tank waste discharges in the Los

Osos/Baywood Park area after 1 July 1974,

June 1974. San Luis Obispo County (County) protests 1 January
1980 Los Osos/Bayweooed Park discharge prohibition contained in
the Draft Basin Plan. The County contends that Teasibility

studiea are necessary and initiates a groundwater monitoring

program.

April 1975, The Basin Plan requires the establishment of a
septic tank maintenance district for the area. The Basin Plan
also requires that atudies be undertaken to determine the
necessity of sewaring the area and to determine the character-

istica of the groundwater basin.

October 1978, <The Regional Board requests “emergency assis-
tance"” from the State Water Resources Control Board {SWRCB) to

evaluate how on-site sewage system dilachargas affect water
quality within the Los Osos/Baywood Park groundwater basin.

October 1979. The SWRCB study, prepared by Mr. Richard zipp,

ia completed., The study concludes that shallow groundwataer is
being degraded by effluent from sewvage leach fields and that
continued development would compound the existing problem. The
study also concludes that little mixing of septic tank effluent
with the deep groundwater (which constitutes the primary water.
source for the area) had occurred at that time but that in-
creased pumping from the deeper groundwater to accommodate
growth could cause mixing resulting in degradation of this

water (Reference 1.3).

November 1979. The County and Regional Board agrea that the

Bcope of the Richard Zipp study was inadequate and that a Phase

1=-2
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I study would be performed to identify any water quality prob-

lem and 1its source.

November 1980. County authorizes Brown and Caldwell to proceed

with the Phase I study.

April 13983, Brown and Caldwell completes the Phase I satudy
which concludes that shallow groundwater in the area is contam-
inated with nitrate, that wastewater discharge from individual
septic tank/leach field systems is the primary cause of the
high nitrate concentrations and that as the population of the
area increases, wastewater discharges and water demand will
increase, thereby accelerating degradation of groundwater

quality (Reference 1.4),

June 1983. The Reglonal Board authorizes the County to proceed
with the Phase II Facilities Plan Study Project Report and
Environmental Impact Report for the sewerage project. The
County authorizes Brown and Caldwell to proceed with prepara-

tion of these reports,

September 1983, The Reglional Board adopts Resolution 83=13

amending the Basin Plan to prohibit individual or cluster
septic tank/leach field systems in the area and to set a sche-
dule for design and construction of a sewerage project for the

area,

January 1984. Brown and Caldwell completes the Phase II study

which recommends an area-wide conventional gravity sewer col-
lection Bystem, wastewater treatment at a saingle community
treatment plant utilizing an extended aeration oxidation ditch
process with partial nitrogen removal (45 to 25 mg/L as N03),
and land disposal through percolation ponds to the shallow
groundwater. The Phase 11 study estimated cost for the project
was $28.6 million, of which $3.8 million was expected to be
funded by EPA and SWRCB grants. The monthly service charge to
a typical user was projected to be $60 per month (Reference

1.5).
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° March 1984. A public hearing is held to discuss the Phase II

report.

° September 1984, Brown and Caldwell issues a supplement to the

Phase II report to address public and Regional Board comments

and to revise the project EIR.

° February 1985, The Morro Group is retained by the County to

prepare an EIR for the project.

° April 1985. Engineering-Science is retained by the County to
perform a planning study (Phase I} and preliminary design
{Phase II) for the sewerage project in coordination with the

Morro Group.,

The project history has included debates about the hydrogeologic
characterististicas of the groundwater basin, the merits of preserving
the quality of the shallow groundwater which currently is not used as a
primary water scource, the potential for degradation of the deeper
groundwater which is the primary water source for the area, and the use
of other types of systems in lieu of a sewerage system to protect
groundwater quality in the area, An ongoing concern of the County and
of Los Osos/Baywood Park residents is the financial implication of an
area-wide sewerage project. This financial implication was emphasized
by the Phase II Facilities Plan user fee estimate of $60 per month.
However, in light of the Regional Boards' 1983 amendment to the Basin
Plan, a sewerage project appears inevitable. This Phase 1 Planning
Study has therefore been undertaken to determine the most cost-effective

Bewerage system to sarve the area,.

AUTHORIZATION

On 12 March 1985, the County Board of Supervisors authorized the
County Engineer to proceed with negotiations with Engineering-Science
(E3) for an agreement to perform a planning report and a preliminary
engineering report for the Los Osos/Baywood Park sewerage project. On
23 April 1985, the County Engineer recommended that the Board of Super-
visors enter into the agreement which had been negotiated by the County

and ES. On April 1985, the Board of Supervisors adopted a resolution

1=-4
254a/2 3/19/86




approving the agreement and authorized and directed the chairman of the
Board to execute the agreement. A draft report was submitted to the
County for review in July 1985. Completion of the report was delayed
until April 1986 pending geotechnical investigation of wastewater dis-

posal sites.

PROJECT OBJECTIVES

The objective of the Los Osos/Baywood Park Sewerage Project is to
provide a sewage collection, treatment, and disposal system which will
perform reliably and which will impose the minimum level of financial
burden to users of the system. The purpose of the project is to protect
and preserve the quality of groundwater in the Los Osos/Baywood Park
area, as mandated by the Regional Board under the authority of the
Porter-Cologne Act. 1In addition, a paramount objective for the project
is to maximize recharge of the Los 0sos groundwater basin with treated

effluent from the project wastewater treatment facilities.,

SCOFE OF WORK

The agreement between the County and ES provides that ES perform
two separate phases of work: Phase I Planning Study and Report and
Phase II Preliminary Engineering and Basis of Design‘ Report, This
report embodies the work performed as part of the Phase I Planning
Study.

The purpose of Phase I is to identify the most cost-effective and
technically feasible method of collecting and treating sevage and dis-
posing of effluent and sludge in a manner acceptable to the Regional

Board. Concepts to be gtudied and evaluated include the the following:

Sewage Collection System

¢ Conventional gravity sewers
. Variable - grade gravity sewers
i Pressure sewers

° Combinations of the above

1-5
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Treatment Plant for Denitrification

° Oxidation ditch
° Batch reactor

® Physical-Chemical

Effluent Disposal

° Multiple sites for most probable impact on recharge of the

aguifers and control of sea water intrusion.

In recognition of the interest of members of the Los 0Osos/Baywood
Park community in the selection of alternative sewsrage aystems for the
area, every effort will be made to evaluate other alternatives raised by
community representatives provided that such alternatives are reasonable

in number and complexity with respect to available data.
Specifically excluded from the Phase I work are the following:

° Soils investigation

- Surface and subsurface hydrological investigations
® Surveying

® Water quality analysis

. Environmental impact (analysis) assessment

The Morro Group, an environmental consulting firm, has been hired
by the County to prepare the Environmental Impact Report (EIR) for the
proposed project., The work of the Morro Group will be underway concur-
rently with the Phase 1 weork, and information developad by The Morro
Group and ES is to be shared and conjunctively used by them to comple~
ment the preparation of the Phase I Report and the preparation of the
EIR.

Significant cost estimates will be prepared by ES for comparison of
alternatives in order to select the more cost-effective and technically
feasible altermatives based upon both capital costs and operation and
maintenance costs, These cost astimates are not intended to be adeguate
for detailed financial planning. ES will attend a public hearing
planned at the end of Phase I as part of this study effort, and will
report on the results of the hearing by means of addenda rather than by

editing and reproducing the original report. Based upon the results of
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Phase 1, sufficient preliminary engineering will be performed in Phase
I1 to permit preparation of detailed cost estimates to be used by the
County in finalizing a financing program.

RELATED REPORTS

The data base for Phase I was the "Phase II Pacilities Planning
Study," dated January 1984, and the "Supplement to the Phase II Facili-
ties Planning Study Project Report and Environmental Impact Statement,"
dated September 1984, prepared by Brown and Caldwell for the County.
Appendix A contains a listing of all other references for this Phase I

Report.

ACKNOWLEDGMENTS

Engineering-Science is appreciative of the valuable assistance and
guidance provided by the County during the conduct of the atudy. In
particular, ES5 would 1like to acknowledge the efforts of Mr. George
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and Mr. George Gibson, project manager for the County on this project.

PROJECT STAYF

This Phase I Planning Study has been prepared under the direction
of Mr. T. G. Cole, Project engineers and their contribution to the

study are listed in Appendix B.
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CHAPTER 2

STUDY AREA CHARACTERISTICS

STUDY AREA BOUNDARIES

The overall study area for the project is located on the central
coast of California in San Luis Obispo County and includes the westerly
draining half of Los Osos Valley and Clark Valley. The study area is
bounded on the west by Morro Bay and El Estero Bay, on the north by a
line of hills known as Park Ridge, on the south by the Irish Hills, and
on the east by the easterly-draining half of Los Osos Valley. Figure

2.1 shows the location and boundaries of the study area,

The spervice area for the proposed sewerage project is County Ser-
vice Area No. 9 (CSA No, 9). The service area is located on the south-
ern tip of Morro Bay at the mouth of Los Osos Valley, approximately 12
miles northwest of the City of San Luis Obispo and a few. miles south of
the City of Morro Bay. The CSA No. 9 area 1is also referred to as Los
Osos, Los Osos/Baywood Park, and South Bay, and in addition to Los Osos
and Baywood Park includes the neighborhood communities of Cuesta-
by=-the=-Sea, Bayview Helghts, Creekside, Upland, Sunset, and Highland.
The Regional Water Quality Control Board (RWQCB) zone of septic tank
prohibition is within CSA No. 9 and encompasaes almost all of the
developed area of CSA No. 9. CSA No. 9 boundaries and the prohibition

bocundaries are shown in Figure 2,2,

TOPOGRAPHICAIL AND GEOGRAPHICAL SETTINGS

The Los Osos Valley is a relatively flat alluvial plain lying

between the two roughly parallel ranges of low hills mentioned above.
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The Irish Hills to the south vary in elevation from near sea level at
the coast to 1,500 feet at the southeast corner of the study area. The
Irish Hills drop gradually from 1,500 feet to a peak of 1,300 foet near
the middie of the southern boundary of the study area. At that point
they decline in height more rapidly to near gea level at a point just
below the southern tip of Morro Bay estuary, Park Ridge on the northern
boundary of the study area is composed of a linear series of volcanic
necks and ranges in elevation from 800 feet to 900 feet, and drops
abruptly at the weast end from Cerro Cabrille Peak to the Morro Bay mud
flats. Clark Valley is a smaller and higher valley than Los Osos Val-
ley. It is located south of Los 0308 Valley in the Irxish Hillé, iscla-
ted by a ridge which runs along approximately two-thirds of the southern
boundary of the study area (Reference 2.1.).

The topographical characteristics of the service area (CSA No. 9)
are highly variable due to the local convergence of the Irish Hills, Los
Osos Valley, the Paclfic Ocean, Morro Bay, and Los Osos Creek. The
southern portion of tha service area consists of the trailing end of the
Irish Hills., This area slopes continuously downward from an elevation

of approximately 800 feet to an elevation of 20 feet at an average slope

of about 6 percent.

The southwaestern portion of the service area includes the drainage
bagins of two tributaries of Los 0Osos Creek. The topography of this
area Blopes downward to the tributaries from an elevation of approxi-
mately 200 feat. The araea between the two tributariesz is relatively
flat around the 200-foot elevation or is generally sleping toward the

ocean and Morro Bay.

The topography of the central and northern portions of the service
arsa consiats of rolling, undulating terrain representative of wind-
blown sand dune formations, Much of the central area has no well-
defined drainage pattern. ODuring wet weather, many isolated depressions
in this central area experience ponding (Reference 2.1). There are
several northwest-to-southeast aligned ridges in the north half of the
sand dune area which also tend to disrupt drainage patterns. Wet weath-

er ponding occurs in the low-lying areas between ridges.

2=4
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Along the shoreline of much of the service area, the topography is
flat and low. Along the northwest boundary of the service area, howev~
er, the terrain drops steeply to the shoreline. The northeastern por-
tion of the service area is tributary to Log Osos Creek, dropping rela-

tively steeply from higher sand dune formations. The topography of the
study area and the service area can be seen on Figures 2.1 and 2.2,

respectively.

SERVICE AREA LAND USE AND POPULATION

During the 19708, the service area experienced a period of high
population growth, Most of the area had already been subdivided into
residential lots but remained undeveloped into the early 1970s. Growth
in the population of the area was able to occur at a rapid pace in the
19708 as the subdivided lots were developed. From 1970 to 1980, the
population of the service area increased 214 percent from 3,500 to
10,900. The current population fs estimated to be 13,100 which repre-
#ents a 3.7 percent average annual growth rate aince 1980. The County
estimates that the ultimate population capacity of the service area is
28,200 (Reference 2.1). This capacity includes much of the unsubdivided
land in the service area which rumains designated for future residential
development, Table 2.1 1lists the current number of residential units
within the service area,

TABLE 2.1

CSA NC. 9 DWELLING UNITS AS OF JUNE 1985

Type of unit Number of Units
Single fanmily dwelling 3,71
Multiple family dwelling 1,334
Suburban residentia) 241
Rural residental 8

Total 5,294

Reference 2.2,
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Land use in the service area is primarily residential with some
neighborhood-serving commercial development. There is very little
industrial development in the service area. Densities of residential
development range from wvery high density urban to low density rural.
Much of the area was subdivided in the late 1880s intc small size lots
(25 feet by 125 feet), which are substandard by current County stan-
dards. There are a total of approximately 9,000 lots in the service
area, of which 6,000 are of the substandard size. The County currently
has a lot consolidation policy which discourages development on substan-
dard size lots in the area. To account for this prohibition, and for
the fact that often a single house was built on two substandard lote, it
was assumed for this study that from the 6,000 substandard lots, only
4,500 residential units will be built, This 25 percent reduction is
probably conservative because most of the development in the Baywood
Park subdivision of substandard lots has occurred on multiple lots, A
field survey is recommended to verify the actual number of existing
dwelling units which have been constructed on 25-foot wide lots. The
number of users in the sewage collection system will significantly

impact the overall sewerage system cost, as discussed in Chapter 6.

Appendix C contains excerpts from the County Land Use Plan which

relate to CSA No. 9 (South Bay), including a description of land use

categories, existing development, and future development plans.

Population projections for use in determining design sewage flows
discussed in Chapter 3 were developed considering the historical and on-
going growth patterns for the service area as noted above. The current
population of the study area is now appreocaching 50 percent of the pro-
jected saturation population. The population at the beginning of the
1970's high growth period was only about 10 percent of the saturation
population. As the population of the area increases, the rate of ad-
ditional development will decrease and the population will asaymptoti-

cally approach the saturation level.

A population projection was developed for the service area. The
population projection for the year 2000 is 18,700, or about two-thirds

254/14 5/2/86




of the saturation population of 28,200. The year 2000 population pro-
jection was therefore selected as the Stage I design population for
those facilities for which construction phasing is appropriate (such as
treatment and pumping facilities). Stage II construction will require a
50-percent expansion of the sewarage facilities in the year 2000 which
will be a convenient expansion increment and which will enable the
facilities to accommodate the ultimate population of the service area,
The 18,700 population in the year 2000 represents an average annual

growth rate of 2.4 percent from current population levels.

WATER RESOURCES

Basin Characteristics

The Los 0Osos hydrologic basin comprises a sub-area of the San Luis
Obispo hydrologic sub-unit of the Central Coastal hydrologic study area.
Total areal extent of the Los 0Osos hydrologic basin is approximately
18,000 acres, and inciudes the westerly draining half of the Los Osos
Valley and part of Clark Valley (Reference 2.4). The basin is bounded
on the north by a line of hills known as Park Ridge, and on the south by
the Irish Hills. The basin extends westerly beneath Morro Bay and the
ocean for an unknown distance, and easterly from the Morro Bay estuary
inland approximately 6.5 miles. The San Luis Obispoc County Engineering _
Department suggests that esome subsurface groundwater flow originatas_"
from outside the basin boundaries and that the shallow groundwater
aquifers within the basin are unconfined while the deeper formations ure.

semi-confined or confined (Reference 2.5).

Surface Water Hydrology

The surface water features of the Los 0808 hydrologic basin include
Los Osos Creek and its tributaries, Eto Creek, a few small lakes and
impoundments, and several less prominent depressions in the wastern sand
dunes. During the average year, approximately 6,610 acre~feet of sur-
face runoff is generated, as estimated by the Department of Water
Resources (DWR) {(Reference 2,11), Of this amount, the DWR contends that
approximately 2,500 acre-feet flow into Morre Bay and the remaining
4,110 acre-feet percolate into the ground.
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Subsurface Hydrology

Groundwater occurs principally in Holocene to Fliocene sediments_of
the basin. These sediments make up a fairly thick sequence of fresh
water bearing sediment that have been categorized into two groundwater
zones (References 2.1, 2.3, 2.4). The upper aguifer =zone includes
100-200 feet of the old dune sand deposits and the upper portion of the
Paso Robles Formation. The lower aquifer zone is thought to include the
remaining portion of the Paso Robles Pormation. These zones ara thought
to be éeparated by a confining layer of low permeability material (Ref-
erences 2.1, 2.3, 2.4, 2.7}). The upper aquifer zone contains a shallow
unconfined water table aquifer, while the lower zone contains groundwa-

ter under semi-confined conditions.

Recharge for the upper aquifer zone is principally from direct
percolation of rainfall and septic tank discharge. The groundwater
levels in the upper aquifer sediments generally follow the surface
topography. Discharge from the upper aquifer zone is to Los Osos Creak,
Eto Creek, and Morro Bay. |

Below the upper agquifer zone is a transition zone made primarily of

sediment of the Paso Robles Formation. The transition =zone may be

comprised of a fairly continuous clay layer which appears in the upper‘“'

horizons of the Paso Roblees Formation (References 2,3, 4, and 7). This
series of sediments is thought to be eroded in the vicinity of the Los
Osos floodplain, and the alluvium in the floodplain is thus thought to '
be in hydraulic communication with the Paso Robles sedimenta (Reference |
2.7). The transition zone extends to a depth of approximately 50 feet
below sea level at the western edge of the basin, and rises in elevation
to the east where it apparently pinches out in the vicinity of Los Osos.
Creek. The transition zone may provide an effective aquitard, restrict-
ing flow between the upper 0ld Dune Sand aquifer zone and the lower

(Paso Robles Formation) zone.

The Paso Robles Formation includes a sequence of alternating layers
of sand, gravel, and clay that forms a wedge-shaped series of confined
to semi-confined aquifers extending from west of Morro Bay to just east

of the Los 0Osos Creek floodplain where it cutcrops. The thickness of
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the Paso Robles Formation sediments at the eastern edge of Morro Bay is
approximately 325 feet, but they are believed to thin to 100 feet or

less at the eastern edge of the groundwater basin (Reference 2.3).

Recharge to the lower agquifer zone is bellieved to be primarily
along and east of Los 0Osog Creek (References 2,3 and 7). Additicnal
recharge occurs through Warden Lake and the unnamed tributary which
extends from Warden Lake to Los 0Osos Creek. ©Discharge from the lower
aquifer zone occurs along a front extending more or less north-south

across Morxrxo Bay.

Hydrologic Budget

A generally accepted procedure in the analysis of groundwater bas-
ins is the development of a hydrologic budget that balances inflow and
outflow, taking into account natural recharge, return waters from urban
and agricultural uses, and outflow from the basin. Hydrolegic budgets
were prepared for 1972 and 1980 conditions by Brown and Caldwell in 1983
(Reference 2.3). A re-evaluation of the Brown and Caldwell conclusions
considering additional information as it 1s collected in this area is

currently being conducted by the Morro Group.

Realizing that these hydrologic budgets have treated the ground-
water basin as a single agquifer unit and not as a two-aquifeg system, as
revealed in more recent investigations (References 2.3, 4, and 7), the

Morro Group is preparing an evaluation of a preliminary hydrologic
budget for the basin based on a two-agquifer system. It should be empha-

sized that this budget should be considered an estimate until the pre-

paratory assumptions are further gsubstantiated.

Groundwater guality

The quality of watera in the upper and lower aguifer zones of the
Los Osos hydrologic basgin has been studied in detail by Brown and
Caldwell (1983) in their Phase I Water Quality Management Study. The
main conclusion of their investigation was that, while the lower aquifer
maintains good water quality, the upper part of the upper aquifer =zone
contains concentrations of nitrate that in some areas exceaed the State

of California standard for domestic use of 45 mg/l.
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WASTEWATER MANAGEMENT

Wastewater disposal in the project service area is presently accom-
plished with individual, on-site disposal systems censisting of aseptic
tanks and leach fields. Community or cluster septic tank/leach field
systems are alsco employed in the service area to provide wastewater
disposal to a group of users. Sewage from users in the group is col-

lected by gravity sewers and transported to the community septic tank/-
leach field system.

Each of the four mobile home parks in the service area (Sea Daks,
Sunny Oaks, Daisy Hill, amd Morro Shores) has a community septic tank/
leach field system (Reference 2,8), The total number of units in the
mobile home parks is 495 (Reference 2.9). The Bayridge Estates subdivi-
sion utilizes two community septic tank/leach field systems, each of
which serves half of the 234 residential lots in the subdivision (Refer-
ence 2.8). The Vista de Oro subdivision also has a community sewerage

systam to serve its 68 residential lots {Reference 2.8).

Owing to aseasonal occurrence of high groundwater in several places
within the service area and to high density of development, several
septic tank failures {probably above normal) have been reported in the

Bervice area (Reference 2.10).

POLITICAL INSTITUTIONS

CSA No. 9 was formed in 1973 to consolidate a number of single
purpose districts. As a County Service Area, CSA No. 9 is governed by
the San Luis Obispo County Board of Supervisors., The westerly coastal
portion of the study area, including the project service area, lies
within County Supervisorial District No, 2, The asoutherly fringe of the
study area lies within Supervisorial District No. 3.

Services authorized for CS5A No. 9 include police protection, struc-
tural fire protection, local parks, recreation or parkway facilities and
services, tree maintenance within public right-of-way streets, lighting

and sweeping, storm drains and drainage, sewage disposal and treatment,
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water, ambulance, irrigation, and solid waste disposal. Services
provided are financed through =zones of benefit upon reguest of the
property owners, Presently, services provided by CSA No. 9 include
water, fire protection, drainage maintenance, street lighting septic

tank maintenance and park maintenance. Services are as follows:

Area Services
CSa 9A Water
CSA 9B Fira Protection
CSA 9D Drainage, street lights, Cabrillo Estates only
CsSaA 9 Street 1lights, sewage treatment, drainage,

Vista de Oro only
CSA 9F Street lights, sewage treatment, drainage,
Bayridge Estates only

CSA 9G Drainage maintenance zonas in three locations

In order to provide public input to the County regarding decisions
and policies made involving CSA No. 9, two community advisory groups
have been formed. County Service Area No. 9 Advisory Group is concerned
with activities involving CSA No. 9 in general. The South Bay Water
Quality Advisory Group (SBWQAG) was formed apecifically to satisfy
federal public participation requirements. for Clean Water Grant funding
of facilities constructed to mitigate‘ water quality problems in the
area. SBWQAG members were appointed by the County Board of Supervisors
to review studies made concerning water guality in the area to provide
information to the public, to receive public comment and to advise the

Board of Supervisors accordingly.

The project service area is entirely within the Coastal Zone. A
8ewerage projact in the area would therefore be subject to a coastal

permit from the California Coastal Commission.

2«11
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CHAPTER 3

WATER SUPPLY AND WASTEWATER CHARACTERISTICS

WATER SUPPLY

The source of water for the atudy area is groundwater which exists
in aquifers balow Los Osos Valley, Local surface water resources are
not utilized and no water is currently imported to the area. Groundwa-
ter is replenished by direct infiltration of precipitation, streambed

infiltration and recharge of septic tank effluent in various portions of

the study area, The aguifers also receive recharge from leached irriga-

tion water from agricultural activities in the eastern portion of the

Study Area.

There are three municipal water purveyors which have distributed
chlorinated well water to the Los Osos/Baywood Park area since the early
19503: County Service Area 9A (1951); Cal Cities (Southern California
Water Company), a private water company (1954); and S&T Water Company, a
mutual water company (1955). Rural domestic and agricultural water
supply 1s provided by private wells. The nine~-hole golf course located

in the southwestern portion of the service area has private wells for

golf course irrigation and to maintain a small impoundment, Some older,

shallow domestic wells in areas now served by water purveyors are main-

tained for landscape irrigation.

Additional water can be made available from the State aguaduct when
the coastal branch of the agqueduct is completed (Reference 3.1), or from

another project as identified in the County's Master Water Plan,

WATER DEMAND

A review of existing documentation indicates that average domestic

water demand in the service area is currently about 0.167 acre-feet per
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capita per year, or 148 gallons per capita per day {(gpcd). The per
capita water demand was calculated by dividing the water production of
the three municipal water purveyors by the estimated population of the
service area. Water used for golf course irrigation was specifically
excluded from the per capita water demand calculation. Per capita water
use in the area appears to have stabilized due to water conservation
measures implemented during previous drought periods including the use
of water saving plumbing fixtures for new construction (Reference 3.2).
The golf course within the project service area historically consumes

110 acre-feet per year for irrigation (Reference 3.1).

Projected future urban water demand in CSA No. 9 is presented in
Table 3.1. The basis for the population projections used to develop the

water demand projections in Table 3.1 is described in Chapter 2.

TABLE 3.1

PROJECTED URBAN WATER DEMAND

Year 2000 Ultimate Growth
Population 18,000 28,200
Residential water demand {AF/yr) 3,010 4,710
Golf course water demand (AF/yr) 110 110
Total urban water demand (AF/yr) 3,120 4,820

PROJECTED WASTEWATER FLOWS

A review of exiating documentation indicates that a per capita flow
rate of 85 gpcd should be amsumed for this project., Two approaches were
used to calculate the per capita sewage flow rate. The first approach
utilized the Inventory of Waste Dischargers for the service area which
was prepared by the County by applying typical unit flow rates to all
Bewage producers in the area (Reference 3.1). The total sewage flow
from this inventory was divided by the population used in the inventory
resulting in a sewage flow rate of 85.1 gpcd, The second approach

utilized the per capita water use developed previously in this chapter

254/8 5/5/86




and the assumption that 58 percent of the water use becomes wastewater
{(Reference 3.3). The 58 percent non-consumptive factor compares favor-
ably with the nearby cities of San Luia Obispo and Arroyo Grande at 60
percent and 56 percent, respectively. Based on a water demand rate of
148 gped and 58 percent non-consumptive factor, the sewage flow rate is
B5.8 gpcd. This rate appears to be appropriate given the social and

economic characteristics of the community.

It should be noted that no field data have bean collected to verify
the 85 gpcd rate, Collection of field data and development of a more
accurate flow projection is not considered necessary for selaction of
the most cost-effective project. Wastewater flows in the year 2000
{Stage I) and at ultimate development (Stage II) of the service area
(CSA No. 9) are projected as shown in Table 3.2, The basis for the
population projections used is described in Chapter 2.

TABLE 3.2

PROJECTED WASTEWATER FLOWS

Stage I Stage I1
Year 2,000 ultimate
Population 18,000 28,200
Per Capita Flow (gpcd) 85 85
Avarage Dry Weather 1.6 2,4
Flow, ADWF (mgd)
Peak Dry Weather Flow, 3.2 4.8
PDWF, (mgd)
Wet Weather Infiltration +
Inflow, I/I {mgd)
Gravity Sewers 0.7 0.9
Combination Sewers 0.4 0.5
Pressure Sewvars 0.0 0.0
Peak Wet Weather Flow, PWWF
(mgd)
Gravity Sewers a 3.9 5.7
Combination Sewers 3.6 5.3
Pressure Sewers 3.2 4.8

®Assunmes 60% gravity gewers and 40% pressure sewers,
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The average dry weather flow (ADWF) of 1.60 MGD is used in process
aizing of the treatment alternatives considered in this report. The
peak dry weather flow (PDWF) is projected based on a 2.0 peaking factor,
which is typical for communities of this size. Infiltration and inflow
{I1/1) is projected for gravity, pressure, and combination (60% gravity
and 40% pressure) collection systems as discussed in Chapter 6, Uae of
pressure sewers greatly reduces I/I. The peak wet weather flow (PWWF)
is congidered in the hydraulic sizing of the treatment facilities to
inaure that high flows during rainfall events can be treated at the
plant without violating effluent gquality regquirements.

PROJECIED WASTEWATER QUALITY

Three types of wastewater (or a combination of them) could poten-
tially be collected and/or treated by project facilities: raw waste-
water, septic tank effluent and septage. The characteristics projected
for each of these are presented in Table 3.3, as well as the charactar-
istics of the treatment plant influent resulting from the gravity, pres-
sure, and combination collection systems developed in Chapter 6. The
treatment plant influent characteristics for the combination collection
system have been used in slzin§ the treatment facilities described in
Chapter 7. 1t is assumed that the wastewater is primarily from resi-
dential sources, with some commercial discharge and no industrial

discharge.
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CHAPTER 4

WASTEWATER DISCHARGE AND TREATMENT REQUIREMENTS

WASTEWATER DISPOSAL/REUSE METHODS

Wastewater discharge and treatment reguirements are determined
based upon the ultimate destination of the final effluent. Potential

wastewater disposal and reclamation/reuse proposals for this project

include the following:

e Alternative 1 - Dry season discharge to Los Osos Creek with

percolation to the groundwater basin (lower aquifer),

° Alternative 2 - Wet weather discharge to Los Osos Creek,

° Alternative 3 - Percolation ponds with groundwater recharge

{upper aguifer)},

@ Alternative 4 - Landscape irrigation (golf course, cemetery,

park, etc.), and

e Alternative 5 - Agricultural irrigation.

Alternatives 1 and 3 are the stated goals of the County, if feasi-
ble, because of their potential for groundwater recharge to the Los Osos
Basin (Refer to Chapter 5). Alternatives 4 and 5 would replace current

use of pumped groundwater, and thus would result in a reduction of

groundwater use.

REGULATORY AUTHORITIES

Regjional Water Quality Control Board (RWOCR)

The RWQCE sets discharge requirements for all facilities which
discharge treated wastewater, The Central Coast RWQCB has issued prob-

able waste diécharge requirements for the Los Osos facilities (full text
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is presented in Appendix D). A Bummary of RWQCB probable requirements

for discharge to Los 0sos Creek and to percolation ponds is presgented in
Table 4.1.

TABLE 4.1

RWOCB PROBABLE DISCHARGE REQUIREMENTS

Parameter Los Osos Creek Percolation Ponds

BODS, mean {mg/l) 10 60

T55, mean {mg/1) 10 60
Turbidity, mean (NTU) 2 -

Total nitrogen {(mg/l as N) 5

Coliform bacteria, 7-day 2.2 2.2%
median {MPN/100 mL)

Dissolved oxygen (mg/l) 5 -

Chlorine residual (mg/l1) undetectable -

3measured in receiving groundwater.

The key RWQCB probable discharge standards are those for nitrogen
(including nitrate) and coliform bacteria. Meost treatment processes
producing the required nitrate and coliform levels will also produce the
low BOD5 and TSS concentrations required for discharge to Los Oaos
Creek. Therafore, the 60-60 mg/L BODS-TSS requirements for discharge to
percolation ponds are not critical to the treatment plant design, For
purposes of design, the 10-10 mg/L BOD5-ISS requirements will be used
for the treatment plant discharge standard regardless of disposal meth-
od. The total nitrogen standard of 5 ng/l (as N) is tied to a groundwa-
ter quality objective of 5 mg/l (as N) nitrate. Factors affecting
groundwater nitrate concentration include quantity of natural and
irrigation-related groundwater recharge, nitrate concentration in natur-
al and irrigation-related recharge, and nitrate removal during percola-
tion through soil. Groundwater monitoring during project operation may
indicate that groundwater quality objectives can be met with a treatment

plant effluent nitrate concentration above 5 mg/l (as N).
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California Department of Health Services (DOHS)

The RWQCB will incorporate the reguirements and recommendations of
the DOHS into the discharge requirements for the treatment facilities.
DOHS wastewater reclamation criteria are detailed in the California
Adminjistrative Code, Title 22, Division 4 (full text presented in Appen-
dix E). DOHS requirements for reclaimed water used for groundwater
recharge (Alternatives 1 and 3}, landscape irrigation (Alternative 4),
and agricultural irrigation of food crops (Alternative 5) are presented

in Table 4.2.

TOXIC ORGANIC COMPOUNDS

In the event that toxic organic compounds are found in wastewater
from Los Osos in guantities unacceptable to the RWQCB, then an activated
carbon treatment process to remove the compounds will be required,
either in lieu of or after a particulate removing filter. However, it
is assumed that DOHS and RWQCB requirements for removal of toxic organic
compounds are not applicable to Los 0Osos. These compounds are generally
associated with industrial discharges to a treatment system. As dis-
cussed in Chapter 2 and 3, Los 0803 ig primarily a residential community
which has no existing or planned industrial development. Therefors, it
iz expected that wastewater from Los 0Osos will not have levels of toxic
organics requiring additional treatment, If industries with toxic or-
ganics in their wastewaters are included in the Los 0Ogsos municipal sew-
erage system in the future, source control and pretreatment of indus-
trial wastewater would be required before discharge to the municipal
aysten,

GROUNDWATER. RECHARGE REQUIREMENTS

Groundwater recharge is ona of the goala of ths project., Discharge’
requirements for the project will therefore be projected based on the
assumption that treated effliuent will be used for groundwater recharge,
either at Los Osos Creek (Alternative 1) or at percolation ponds (Alter-
native 3). The criteria used to determine the projected discharge

requirements are discussed below.

4-3
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Los Osos Creek Discharge

The tentative bacteriological standard set by the RWQCB for dis-
charge to Los Osos Creek is 2.2 MPN/10C ml in the effluent. DOHS re-
quirements indicate that a one-step reduction to 23 MPN/100 ml may be
allowed at selected times if there is a minimum 20:1 dilution in the
creek. Similarly, with a 100:1 dilution the standard may be 230 MPN/{00
ml. There are, however, several inherent difficulties in administering
and monitoring this type of discharge standard for an intermittent

creek, particularly when surface continuity between Los Osos Creek and

Morro Bay is a concern.

Percolation Ponds Discharge

DOHS and RWQCB requirements for treated wastewater discharge to
percolation ponds which recharge a known potable water aquifer are
determined on a case-by-case basis., The relative quantity of recharged
water as compared to the total groundwater flux is a subjective criteri-

on used to evaluate risk and regultant treatment level required.

If treated wastewater is discharged as part of a planned groundwa-

ter recharge project for aquifaers used for domestic water supply, the
secondary effluent must be filtered and disinfected such that the bac-

terial level in the receiving groundwater does not exceed 2.2 MPN/100
ml. However, the discharge may be considered simply effluent diasposal
and percolation of good quality secondary effluent would be acceptable
if dilution at the nearest well is adequate as determined by the RWQCB
and the DOHS. Adequate effluent dilution may occur if the hydrogeologic
characteristics of the agquifer naturally induce dilution and/or if the

distance to the nearest well is great,

Groundwater monitoring wells would be installed downgradient of the
pond in order to monitor the groundwater bacteriological 1imit. Moni-
toring well locations will be determined by a hydrogeologic study to
aasure that the sampled water is representative of the vertical and
lateral extent of the recharge plume after blending with the in situ

groundwater.
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EFFLUENT QUALITY CRITERIA AND TREATMENT REQUIREMENTS

Effluent quality criteria for the Los Osos treatment facilities
have been projected based on the foregoing discussion of RWQCB and DOHS

requirements and are presented in Table 4.3.

TABLE 4.3

EFFLUENT QUALITY CRITERIA
LOS 0505 WASTEWATER TREATMENT FACILITY

Parameter Discharge Quality
BOD5 {mg/1) 102

TSS (mg/1) 102
Turbidity (NTU) 2
NO3 - N (mg/1) 5
Do {mg/l) 52
Coliforms, 7-day median (MPN/100 mL) 2.2

aRequired‘whan discharging to Los Osocs Creek only.

LANDSCAPE IRRIGATION REUSE
To achiave the effluent guality detailed in Table 4.3, the follow-
ing treatment steps are required:

i Screening - to remove coarse solids

e Grit removal - to remove hard-to-handle inert grit

@ Secondary treatment and nitrogen removal - to remove biodegrad-
able organic material, suspended solids, and nitrogen

° Tertiary treatment - to remove bacteria and viruses

Three alternative methods for secondary treatment and nitrogen
removal are developed and evaluated in Chapter 7. Tertiary treatment
will consist of chemical addition, mixing, flocculation, filtration,

chloriration, dechlorination, and final aeration.
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Reuse of some of the treatment plant effluent for landscape irriga-
tion (Alternative 4) would allow less strict quality criteria to be
applied
to that portion of the flow. This flow could bypass some treatment
proceases, potentially allowing smaller sizing of the partially bypassed
facilities and resultant cost savings. Groundwater recharge objectives
would still be served in that the reclaimed water would replace ground-
water which is currently pumped. However, locations of potential land-
scape irrigation sitees {(golf course, etc.) may be too distant from the
treatment facility for this option to be practical, Although this
possibility will be investigated further in Phase II, for purposes of
this Phase I report it is assumed that no effluent will be used for
landscape irrigation.

AGRICULTURAL IRRIGATION REUSE

For the purposes of this report, it is assumed that wastewater
reclamation for agricultural irrigation will not affect the effluent
quality criteria., Approximately 80 percent of agricultural water use in
the area is for food crops (Reference 4.1). The amount of water used to
irrigate pasture land (about 20 percent of area use) is too little to
make it economically feasible to install pipelines to pastureland only.
To allow farmers the option of spray irrigation, turbidity and bacterio-
logical standards would be identical to those for groundwater recharge.
The major difference in treatment requirements would be that nitrogen
removal requirements could be sBignificantly less stringent owing to the
agricultural uptake when used for crop irrigation. For example, lettuce
acreage would not require any nitrogen removal from irrigation water
because nitrogen is normally added to this crop as fertilizer. However,
sugar peas might require some nitrogen removal from irrigation water.
This could be determined later if irrigation of sugar peas proved to be
practical and desirable. This would not significantly affect capital

costs, but would reduce annual energy costa,
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CHAPTER 5

GEOLOGIC INVESTIGATIONS
FOR DETERMINING GROUNDWATER RECHARGE

INTRODUCTION

A paramount objective of the proposed C5A No. 9 sewerage project is
to maximize recharge of the groundwater basin with treated effluent from
the project wastewater treatment facilities, Effective groundwater
recharge is dependent on a hydrogeologically suitable site which will
allow percolation of effluent intoc the groundwater basin. This chapter
discusses the hydrogeoclogy of the Los Osos groundwater basin as it re-
lates to groundwater recharge with treated effluent. Proposed disposal/
percolation sites and criteria for evaluation of the asites are also

presented,

HYDROLOGIC SETTING

Numerous investigations pertaining tb the hydrology of the Los Osos
hydrologic basin have been completed (see References 5.1 through 5.8).
In addition, The Morro Group is presently working on a hydrologic study
of the basin as part of an Environmental Impact Report for the proposed
sewerage project. The U.S. Geological Survey, San Luis Cbispo County
Flood Control and Water Conservation District (SLOCFC&WCD)}, and
Department of Water Resources (DWR) are in the process of a two and one-
half year hydrogeology investigation of the basin. However, to date
there is still no consensus of opinion regarding what the probable safe

yield of the Los Csos groundwater basin is.

The selection of alternative pgites for infiltration into the

groundwater basin by the San Luis Obispo County Engineering Department X

iz based on the assumption that there are two discrete aquifer =zones
inside and that no underflow originates outside the Basin boundaries. -

Based on these assumptions and the fact that the primary source of

51
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municipal water for the area is deep groundwater (lower aguifer),
recharge to the lower aquifer is preferable to recharge to the upper
aquifer. Extraction of groundwater from the lower aquifer 1is expacted
to increase as water demand in the area increases, In addition, evi-
dence of salt water intrusion in the lower aquifer has baen detected by
DWR (Reference 5.1). Existing salt water intrusion is likely a result
of greater pumping of groundwater from the lower (Pasc Robles) aguifer.
Recharge to the Paso Robles agquifer with treated effluent would inhibit

galt water intrusion.

Figure 5.1 shows the geology of the area. The most prominent
geologic structure of the groundwater basin is the northwest trending
synclinal depreasion that serves to delimit the basin. Sediments from
the basin margins have been deposited in the basin since Miocena time.
A lithological distinction exists between sediments in the upper 100-150
feet (sand dJune deposits) and those below (Paso Roblea Pormation),
These separate units are rsferred tc as the upper and lower aquifers.
Prior investigations conclude that the upper aquifer does not extend

very far to the esast of Los Osos Cresk.

STRATIGRAPHY

There are three primary lithologic units that comprise the Los Osos
baasin stratigraphy. These are, from youngest to oldest, the 0ld Dune
sand deposita, the Pasoc Robles Formation, and the Franciscan Assemblage.
The Franciscan Assenblage is the basement complex of the region upon
which the sediments of the Pasoc Robles Formation and 0ld Dune sand
deposits accumulated. The lower aguifer system is composed of the Paso
Robles Formation while the upper aquifer system consists of the 0ld Dune
sand depositas. Figure 5.1 shows the areal distribution of the geologic
units in the basin while Pigure 5.2 depicts a cross-section along an

east-west line.

The Franciscan Assemblage represents the earliest geologic phase
within the region. These rocks are predominantly composed of graywacke
interbedded with shale, slltstone and chert and are not developed for
water resources, The depth of the lower boundary of this assemblage is
unknown but thought to be in excess of 15,000 feet balow sea level,
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FIGURE 5.2
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Lower Pleistocene sediments of the Paso Robles Formation unconform-
ably overlie the Franciscan Assemblage as depicted in the geologic
cross-section B-B' shown in Figure 5.2. fThis series of sediments has
been encountered in the Los 0Osos Valley at depths of about 100 feet
below ground surface. Depths of the Paso Robles Formation range from
400 to 600 feet below Bea level (Reference 5.1). These interbedded
marine sediments are composed of ¢lays, silts, sands and gravels forming
the oldest water-bearing (aquifer) zone within the basin. Aquifer tests
of wells perforated in the Pasc Robles aquifer zone indicate permeabil-

ities in exceas of 500 gpfz/day ({Refaerence 5.7).

Upper Pleistocene Old Dune sand deposits are composed of very fine
to medium-grained arkosic sands with thin interbeds of clay, siit, and
gravel. In the Los Osos Valley along section B-B' these depoaits uncon-
formably overlie the sediments of the Paso Robles Formation {(Referances
5.1 and 5.2), The thickneas of these sediments in the Los Osoa-Baywood
Park area varies considerably, ranging from 70 to 150 feet (Reference

5-4).

The 0ld Dune sand deposits constitute an important source of
groundwater in the Los Osos basin. Most domesatic wells in the Baywood
Park~-Los (sos communities are installed in these deposits (Reference
5.2). These deposits are believed to absorb precipitation and tranamit
groundwater to the underlying deposits (Referxence 5.6).

WATER QUALITY

The general water quality of the study area currently depends on
factors including: (1) mineral or chemical character of precipitation
before infiltration and surface runoff; (2) chemical character of litho-
logic unit through which water percoclates; (3) chemical character of
sewage effluent discharged to groundwater from on-site septic tank/
leach field systems; (4) chemical character of irrigation runoff/infil-
tration waters; (5) chemical character of nearshore evaporite deposits;
and (6) extent of galt water intrusion (References 5.3, 5.6, and 5.11).
Once groundwater racharge with treated effluent is implemented, treated
effivent quality will replace septic tank effluent-quality as a deter-
mining factor for water quality.

254a/56 5/2/86




Surface Water

The DWR reported in 1979 that surface waters sampled at Los Osos
Creek had a moderate to high (130 to 395 mg/l) concentration of TDS and
a magnesium calcium bicarbonate character (References 5.2 and 5.4).
Nitrate concentrations were substantially lower (2.0 to 2.5 mg/l) than
those reported by Brown and Caldwell in 1983 or the RWQCB in 1984
(References 5,2 and 5.3}. This suggests the increases in nitrate
between 1970 and 1983 were due to increased community development. 1In
March 1970, DWR sampled surface water springs emanating from the 014
Dune sand deposits in the bog area along the socuthern margin of Morro
Bay. These waters had a sodium-chloride character, a TDS of 137 mg/l

and a nitrate concentration of 25 mg/1.
Groundwater

The principal source of groundwater in the Los Osos area is from
the Paso Robles formation. The water in this aquifer reportedly has a
sodium-chloride character and shows increased concentrations of nitrate
moving from high to low water table elevations (Reference 5.,2)., Water
sanples from deeper wells extending intc the Paso Robles Formation show
a sodium-magnesium bicarbonate character and are said to be devoid of

nitrates (References 5.1, 5.3, and 5.11).

Salt Water Intrusion

The Department of Water Resources found evidence of salt water in
the sediment of the Paso Robles Formation directly beneath the Morro Bay
sand spit in 1972, indicating salt water intrusion in the lower aquifer
at that time {Reference 5.%). In 1979, the DWR, SLOCFC&WCD and the City
of Morro Bay investigation of the groundwater beneath Morro Bay sand
spit corroborated the DWR conclusion that sea water intrusion existed.b
Increased utilization of the lower aquifer to meet an increasing water
demand will promote an advancing salt water intrusion. Groundwater
recharge into the Pasc Robles aquifer will act to form a fresh water
barrier to advancing sea water intrusion and, given enough recharge, can
raverse the extent of salt water intrusion. Thus, recharge of the lower

aquifer with treated effluent either through direct percolation or

5-6
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indirectly through the upper aguifer will help mitigate salt water
intrusion by providing additional recharge to that aquifer.

To date, wastewater has been recharged to the upper aquifer via
septic tank leach fields. The degree to which this wastewater has also
contributed to the recharge of the Pasc Robles formation is mnot known.
No evidence of high nitrate has been reported in the lower aguifer to
date. However, gome recharge to the lower aquifer probably occurs by

leakage through the confining layer between the two agquifers,

SOURCE AND RECHARGE OF GROUNDWATER

The major source of supply to the groundwater in the Los Osos Basin
is precipitation. Average rainfall at Los Osos was about 20 inches/year
for the period spanning 1870 to 1984 (Reference 5.8). A period of
greater than average rainfall occurred between 1964 and 1983, coincident
with the period of increasing community development. Thus, long=term
reliability of the groundwater reaource should be viewed in the context
that future recharge to the groundwater by precipitation may be more 1-
imited than in the recent past (Reference 5.8). The DWR has suggested
that a minor amount of connate water may rise through the fractures in
the Franciscan Assemblage to emanate at the ground surface as springs or

mix with meteoric water below the ground surface (Raference 5.1).

A high percentage of precipitation infiltrates directly into the
unconfined Old Dune sands of the Los 0sos hydrologic basin. Although no
values for infiltraton rates were cited, DWR belleves that because of
the high infiltration rates and storage capacity of these deposits,
surface runoff is negligible {Reference 5,1), Septic tank effluent is
also a major source of recharge for the upper agquifer system, The
probable primary source of recharge to the Paso Roblea aquifer zone is
down-gradient infiltration from a one-mile section of Los Osos Creek
(Reference 5.8}. The Paso Robles formation also receives subsurface
recharge from the overlying 0ld Dune sand aquifer system as well as
minor amounts of connate water from the underlying rocks of the basement

complex.
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Municipal water wells in the Los Osos~Baywood Park area pump water
mainly from the lower, Paso Robles agquifer, Prior to inastallation of
municipal water syatems in the 1950's, domestic water supply was 6b~
tained through numerous private wells primarily pumping water from the

shallow, 0ld Dune sand aquifer,

MOVEMENT AND DISCHARGE OF GROUNDWATER

Water that has infiltrated the subsurface materials moves from
areas of high hydraulic head to areas of low hydraulic head, Ground-
water moves down the hydraulic gradient and discharges to the lowest
water level elevation of an aguifer gystem. generally, groundwater flow
in the los o0sos basin is westerly toward the ocean. both dwr and the
morro group have presented independent data for the upper aguifer zone
for the years 1970 and 1984 which verify the westward flow direction
(referances 5.1 and 5.8). east of the eastern hydrologic boundary of
the los osos groundwater basin, groundwater flows to the east in the

upper formation.

The California Regional Water Quality Control Board (RWQCB), using
water guality data of the San Luis Obiapo County Engineering Department,
came to the conclusion that the groundwater gradient in the Los Osos-
Baywood Park area generally conformed to the surface topography (Refer-
ences 5.t0 and 5.11).

Excess groundwater in the Los 0Osos basin emanates as springs and
geeps in the 014 Dune sand deposits. These aprings and seeps form a bog
along the aouthern margin of Morro Bay. Water from these gands probably
also discharges beneath the Bay where the aguifer intersects the Bay

floor,

Water Budget

In their 1983 wWater Quality Study, Brown and Caldwell stated that
the safe yleld of the Los Osos hydrologic baain was on the order of 1300
to 1800 acre feet per year {(Reference 5.2). Brown and Caldwell also
contended that the return-water factor for domestic use in the form of
septic tank effluent wae 58 percent of the total water use (Referance

S5.2). The DWR estimated that the total volume of gubsurface water
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outflow greatly exceeded withdrawals from water wells (Reference 5.1).
The basias for this 1972 contention was derived from the fact that sea

water intrusion was very limited along the coastal margins.

EFFLUENT DISPOSAL/PERCOLATION SITE SELECTION

In 1985, the Morro Group axamined six potential sites for treated
effluent percclation ponda to recharge the lower aquifer, The aites
were congldered based on the assumption that the upper aquifer does not
extend east of Los 0sos Creek. Of the six sites examined by the Morro
Group, three were sgelacted as warranting additional investigation.
These are: the Cemetery Masa gite, located in an area where rocks from
the Paso Robles Formatibn were thought to outcrop; the upper Los 0Osos
Creek site, about one mile above the Los Os0s8 Valley Road bridge; and
the Broderson site, located south of Highland Road, Geotechnical and
hydrologic investigations have occurred at the Cemetary Mesa Site and
Broderson Road site; site apecific investigations still remains to be

done at the Los 0Osos Creek site, These sites are shown on Figure 5.1.

A detailed investigation of the Cemetary Mesa site revealed that it
was unsuitable for percolation due to a thick upper layer of relatively
imparmeable clays and silts which could belong to either the Paso Robles
Formation or the 0ld Dune sand deposits. The Cemetary Mesa Site was

therefore aliminated as a viable recharge site,

With no other feasible sites available for direct recharges to the
lower aquifer from percolation ponds, the County decided to invastigate
utilizing Los Osos Creek for groundwater recharge, Due to the potential
inability of Los Oscs Creek sediments to absorb treated effluent during
wet weather periods and to the probable RWQCB prohibition of treated
effluent discharge whenever surface water continuity exists between the
discharge point and Morro Bay (refer to Chapter 4 and Appendix D), it
was decided that the Los Osos Creek site should be used Aduring the dry

season only.

The Broderson Site (Site 6) was selected to be investigated as a
potential site for wet weather recharge to the upper and lower aquifers
via percolation ponds. Geological, geophysical and seismic data from
this site are discussed later in this chapter.
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CRITERIA FOR EVALUATION OF DISPOSAL/PERCOLATION SITES

Genaral

Percolate flow Iin the unsaturated zone beneath a recharge basin is
easentially vertical. If a hydrologic barrier exists at depth, a hori-
zontal component of flow is introduced and flow is controlled by both
vertical and horizontal permeabilities (References 5.12 and 5.,13). The
capacity of lateral flow away from the potential percolation sgites
controls the extent of groundwater mounding that will occur beneath the
site (Reference 5.11), The travel time for lateral flow is a function
of the hydraullic gradient, the distance of travel, and the horizontal
and vertical permeability (Reference 5,14). In many cases the percolate
emerges as base flow in adjacent eurface waters. Often seeps or springs

may develop in intervening terrain,

No geotechnical investigations have been completed for the Los Osos
Creek recharge aite to date. However, the necessity of detailed inves-
tigation at this site is less pertinent as existing evidence indicates
that sediments in Los Osos Creek provide a medium for infiltration which

eventually recharges the Paso Robles Formation.

Soil fnvestigations developed by Pacific Geosclence, Inc. under the
direction of the Morro Group have baen completed for the Broderson Road
percolation pond site. The scope of these investigations includes fleld
and laboratory testing and observations based on borings and seismic
refraction study. Further discussion of investigation at the site-

specific level is presented later in this chapter.

Site Suitability

Evaluation of site suitability for proposed areas of racharge must
consider the objectiveas of recharge, site hydrogeologlic characteristics,
geologic hazards associated with the site (seismic shaking, landslide
hazards, flooding, iiguefaction), surface permeability and agquifer
recharge geometry. Special emphasisz should alsc be given to site topo-
graphy and scil type and uniformity.

The primary objective of groundwater recharge for this project is

to recharge the lower aquifer for purposes of water supply augmentation
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and salt water intrusion mitigation, as discussed earlier in this chap- i
ter, The secondary objective is to recharge the upper aquifer which may d
allow indirect recharge of the lower aquifer. The selaction of the the
Los Oso8 Creek Site was based on the objective of recharging the lower,
Paso Robles Formation aquifer. The selection of the Broderson Site was
based on the objective of recharging the upper aquifer system which
would then infiltrate into the Paso Robles Formation during the winter
months when discharge to Los 0s0os Creek would not be permitted.

Hydrogeologic Characteristics

Los Osoa Creek Site., Site specific hydrogeoclogic conditions of the

Los OQOsos Creek recharge site have not been determined. Additional
geotechnical investigations required to aszess baseline conditions more

definitely at this site are recommended in Chapter B.

Broderson Avenue Site. Seven boreholes were drilled by Pacific

Geoscience, Inc. under the direction of the Morro Group to delineate the
geoclogic characteristice of the gite., The first unit encountered in all
of the boreholes is the the wind-blown sand which consisted of poorly
congsolidated, fine sand with relatively minor amounts of silt and essen-
tially no clay. The Morro Group suggested that three of the boreholes
{boreholes 1, 2, and 5) drilled on the sgite displayed the prasence of
moderately consolidated sandstones, clayey siltstones, and aillty clay-
stones indicative of the Paso Robles Formation; however, 1lithologic
differences betwean the Paso Robles and overlying sands based on the

borehole data are difficult to distinguish,

Twenty-nine seismic refraction profiles shot at or adjacent to the
site supplemented the borehole data and assisted in distingulshing
baetwean the two formations based on the sharp change in seismic velocity
{1100-1300 £ft/sec for the wind-blown sands as oppozed to 2000-3000
ft/sec for the Pasc Robles Formation). These data indicate that the
wind-blown sand unit is thicker (15-40 feet) beneath the western and
northern portions of the site, and thinner {(0-15 feet) beneath the
southeastern section of the site. The field studies also confirmed that
the Paso Robles Formation, unconformably underlying the wind-blown
sands, dips toward the northwest at approximately 10 degrees in outcrops

located southeast of the site (Reference 5.15).
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Appendix H contains a 1letter report from the Morro Group which
summarizes the work of Pacific Geosclence, shows location of boreholes
and sgeismic refraction profiles, plots thickness contours for the wind-
blown sand unit, presents parmeability ranges for the two units, and

suggests loading rates and percolation basin geometry. Additional
geotechnical and hydrogeological investigations regquired to determine

hydraulic loading parameters and baseline conditions are recommended in

Chapter 8.

Geologic Hazards

Los 0803 Creek Site, The Los 0sc0s Creek Site lies in an area of

moderate~-to~high liquefaction potential and negligible landsiide risk
(Reference 5,5)., Very little preliminary work has been done regarding
this candidate site. A more detailed gecotechnical inveatigation of the
site is needad to fully assess its suitability.

Broderson Avenue Site. The Broderson Avenue Site lies outside the

floodplain but is located in an area of moderate ligquefaction potential
(Reference 5.5}, Liquefaction occurs when a loosely packed, granular
sediment {the wind-blown sand unit) is trangformed into a £fluid mass due

to an increase in pore pressure or reduction in effective gtreaa,

Surface Permeability

Logs Osos Creek Site. No known data are c¢urrently available on the

permeability of the gurface materials at the Los Osos Creek Site. The
recently installed weir approximately one-half mile upstream of the
bridge along Los Osos Creek can provide important data on recharge
capabilities of the sediments; as stream flow diminishes into the dry
season, observations can be made concerning the role of upstrean disap-
pearance of the surface expression of the stream. Thisz would provide a
qualitative idea of the infiltration. A quantifiable evaluation of the-
permeability characteristics of the streambed sediments will require
field permeability tests during the dry season of no stream flow.

Broderson Avenue Site, Permeability or infiltration rate tests for

the site were conducted by Pacific Geosclence during the fall of 1985,
In each of the seven boreholes, percolation rates at depths of 10 and 25
feaet were determined. At a depth of 10 feet, the percolation rate in
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the wind-blown sand ranged from 0.1 to 2.7 minutes/inch, wvhereas, at 25
feet depths the percolation rate in the same unit ranged from 0.1 to 5.0
minutes/inch, Based on these data, Pacific 'Geoscience suggested a
permeability of 3 minutea/inch parallel to the bedding in the wind-blown
sands (see Appendix H).

Only one percclation test was performed on the Paso Robles Forma-
tion. This test resulted in a precolation rate of 12 minutes/inch at a
depth of 25 feet, Comparision of this result with 25 foot depth test
results for the wind blown sand shows that percolation in the Paso
Robles Formation is between 10 to 100 times slower than in the wind-
blown sands, These differences in aquifer characteristics must be
factored into the design of the percclation basins.

Aquifer Recharge Geometry

Los Osos Creek Site. The Morro Group reported that, based on

shallow groundwater levels and their changes over time, the upper aqui-
fer zone is recharged by infiltration of rainfall, geptic tank effluent,
and excess landscape irrigation (Reference 5.8). Recharge of the lower
aquifer zone appears to be relatively unaffected by increase of aquifer
head in the shallow aquifer, suggesting that the probable primary aource
of recharge of this aquifer is from northwesterly, down-gradient infil-
tration from Los Osos Creek. The most effectlve section of recharge is
believed to be a one-mile portion of the Creek situated upstream from
the Los Osos Valley Road Hridge (Referance 5.8). Treated effluent
discharged at the Los 0sos Creek Site should recharge the lower (Paso

Robles) agquifer zone.

Broderson Avenue Site, Examination of borshole logs and saeismic

refraction and infiltration test data suggests that the Broderson Avenue
Site will recharge the lower aguifer system (Paso Robles Formation).
The design geomatry of the recharge basins is depicted and discussed in
Chapter 8 of this report. Hydrogeologic factors which influenced design
considerations were: 1) the thickness of the dune sands overlying the

Paso Robles; and 2) the estimated permeability of the Paso Robles

Formation.
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Wastewater percolating through the wind-blown sands will flow
downslope and gradually infiltrate downward into the Paso Robles Forma-
tion. The Morro Group estimates that all of the wastewater used for
raecharge would infiltrate into the Paso Robles Formation within 600 feet
of the infiltration basins. This estimate is based on the Morro Group's
infiltration test results at the gite. Even 1f the wind-blown sands
thin at some distance downslope, which seems unlikely given the apparent
thickening of the deposit in a northerly direction, there appears to be
at least a 10-foot thickness of wind-blown sands, Based on the esti-
mates provided by the Morroc Group, this thickness should provide an
adequate cover to prevent any surfacing of percolated wastewater down-
slope s0 long as the head on the Paso Roblea formation remains at or

below 6.7 feet (Bee Appendix H).

Seismic refraction data reveal that groundwater alevations in the
Paso Robles Formation are between 117 and 150 feat below the top of the
unit. Hence, the depth to groundwater is not an influencing criterion
in the location or the design of the recharge basins. However, the
depth to groundwater is an important factor in determining the location
and depth of water quality monitoring wells.
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CHAPTER 6

DEVELOFMENT AND EVALUATION OF
ALTERNATIVE COLLECTION SYSTEMS

INTRODUCTION

Initial cost estimates for construction of a wastewater collection,
treatment and disposal system to serve the Los Oscos area indicate that
the coast of the system to users will be high. A re-evaluation of the
proposed project has been undertaken to determine if feasible alterna-
tives are available to reduce to a substantial degree the cost of the

sewerage system.

The preliminary capital cost estimate for construction of a conven-
tional sewage collection system proposed for the service area represents
nearly 80 percent of the total estimated cost of the overall system
(Reference 6.2). If a significant cost reduction is to be achieved in
the cost of the overall system, it must therefore be realized primarily
in the cost of the collection system. The fact that the collection
system cost 1s approximately 80 percent of the overall preoject is not
unusual for an existing community which ia currently not sewered. Other
communities faced with high costs of providing a sewage collection
system have turned to "alternative" collection systems to realize sig-
nificant cost savings over conventional sewer systems. These cost
savings have usually resulted from the ability of alternative systems to
accommodate conditions which are adverse to conventicnal gravity sewers
such as sparse population, hilly terrain, high groundwater and shallow
bedrock. The goal of alternative systems is to perform the same func-

tion as conventional gravity sewers at a more affordable cost.

The Los 0sos project is a potential candidate for the application
of alternative collection systems because of high groundwater and ad-

verse topography in some of the service area. A factor which favors
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conventional gravity sewers for the project, however, is the very high
residential density and relatively large population of most of the
service area compared to communities which have historically utilized

alternative collection systems.

This c¢hapter will evaluate wviable alternative sawage collection
systems and compare them to a conventicnal gravity sewer sysatem, The
primary basis of this comparison will be cost, including capital and
operation and maintenance (0&M) costs, although other factors must and
will be considered. Four types of alternative collection systems will
be evaluated. The traditional conventional gravity sewer aystem will be
used to set standards of comparison in terms of cost and ﬁerformance.
The first two types of alternative systems are two Pressure sewer system
variations: (1) meptic tank effluent pumping and (2) grinder pumping.
The third alternative syazstem consists of variable-grade gravity sewers
which have recently emerged as a feasible alternative system for small
communities. The fourth alternative system which will be considered is
a hybrid system incorporating all or some of the other alternatives with

the goal of providing the least costly system,

Alternative systems will first be presented and qualitatively
evaluated in a general manner. Conceptual level design of systems to
Berve the Los Osos area will then be developed as appropriate. Based on
the conceptual design, capital and operation and maintenance costs will
be estimated and a long-term present worth economic analysis will be
performed to determine the least costly alternative. A final evaluation
will incorporate the cost evaluation and other factors to produce a
recommended collection sysatem. The evaluation will determine if the use
of alternative systems in whole or in part can substantially reduce the

coat of the sewage collection system,

CONVENTIONAL, GRAVITY SEWER SYSTEM

Conventional Gravity Sewer System Description

A conventional gravity sewer system is the traditional solution to
the problem of environmentally acceptable sewage collection. Conven-
tional gravity sewers are used as underground open channels. Gravity

sewers rarely flow full and are designed to have a constantly downward
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slope to maintain an open channel flow regime and to prevent low spots
which induce solids deposition. Gravity sewer slopes must be adequate
to maintain a flow velocity that will prevent solids deposition and
sewage septicity. Sewage from individual users drains through service
lateral sewers to a collector sewer where it flows to a larger intercep-
tor sewer and subsequently to the treatment facilities. If the topogra-
phy of the area is such that gravity flow from source to treatment
facilities is not possible, sewage pump stations and force mains are

used to transport sewage uphill or across long, relatively flat reaches.

The profile of a gravity sewer must maintain its constantly down-
ward slope regardless of ground profile. To minimize deep excavations
for sewer construction and thereby minimize construction costs, gravity
sewers are designed to generally correspond to the natural drainage
characteristice of the service area. If the destination of the sewage
is not the low point of the drainage basin, or if the sgewered area
contains several drainage basins, a pump station and force main are used

to transport sewage out of the drainage basin.

Gravity sewers are designed to be of a size and slope adequate to
accommodate peak flows including infiltration and inflow (I/1I). Infil-
tration is groundwater which leaks into sewers while inflow is direct
rainfall runoff that drains intc the sewer system. Manholes are pro-
vided on conventional gravity sewers to provide access for O&M activi-
ties such as cleaning, inspection and repair., Manholes are spaced at
minimum intervals and are installed at changes in sewer size, alignment
or grade. Gravity sewers have constant size, slope and alignment be-

tween manholes to facilitate maintenance.

Sewage pump stations are designed to have adequate capacity to pump
expected peak flows including I/I. Provisions for standby power and
back-up pumps and other eguipment are included in pump station design to
insure reliability and prevent sewage overflows. Due to the amount of
mechanical egquipment involved with a sewage pump station, maintenance is
an important consideration. Sewage pump stations are designed to oper-
ate automatically and are unmanned except during routine maintenance.
Sewage pump stations should include a remote monitoring system to detect

problems at the station so they can be corrected in a timely manner.
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Sewage force mains are equipped with automatic alr release valves
to prevent the accumulation of air at high points in the pipeline. The
build-up of air at high points would tend to throttle the force main and
regtrict its hydraulic capacity., Vacuum breaker valves are also pro-
vided at some force main high points to prevent water column separation
and vacuum conditions in the pipeline which could induce damaging hy-
draulic transient forces. Equipment to mitigate hydraulic transients in
the force main may be required at the pump station.

Conventional Gravity Sewer System Technical Feasibility

The technology of gravity sewers is gquite simple and has been used
successfully for many years. Gravity sewers are relatively easy to
design and there are many contractors who have extensive experience in
gravity sewer construction. The technology of sewage pump stations is
not quite ae simple as that of gravity sewers, but it is just as well-
proven. Recent technological advances in ceontrol and monitoring systems
for sewage pump stations have served to reduce 0&4 coets and to provide
more reliable, automatic pump stations. Many established manufacturers

of sewage pumps and yelated egquipment are available,

Conventional Gravity Sewer System Advantages

Assuming a reasonable total number of pump stations will be re-
quired in a sewer system, the primary advantage of conventional syatens
over alternative systems is low O&M costs. Maintenance for gravity
sewers themselves basically consists of routine cleaning. Remaining O&M
requirements for gravity sewer systems relate to sewage pump stations
and force maina, Another positive consideration of conventional systems
is that they have proven long-term reliability and present little risk
of presenting future unexpected or extraordinary maintenance, repair or
replacement costs as may the alternative systems. Based on their long
history of reliable performance, gravity sewsr systems can be expected
to have a very long useful life, especially considering modern materials
and contruction techniques. Conventional gravity sewer asystems there-
fore offer low maintenance, a proven track record and a long life

expectancy.
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Conventional Gravity Sewer System Disadvantages

In certain circumstances, conventional gravity sewer systems may
not be economical in terms of cost per user. Conditions which could
make gravity sewers uneconomical include sparse population, rugged or
hilly terrain, high groundwater or shallow bedrock. A conventional
sewer system which requires numerous pump stations or deep sewers may
prove to be more costly than an alternative system. A disadvantage of
conventional gravity sewers is that the sewers must maintain a constant-
ly downward slope. This constraint can cause construction difficulties
relating to utility interferences, high groundwater, soil geclogy and

deep excavation.

I/1 in conventional gravity sewer systems is an undesirable yet
usually unaveoidable system component, As sewers increase in age, 1/I
will increase and may become excessive to the point where pumping and
treatment capacity is constrained. 1I/I is a definite disadvantage of
conventional gravity sewers, but can be mitigated through high-gquality
pipe materials and construction and an ongoing preventative maintenance

program.

Conventional Gravity Sewer System Conceptual Design

A preliminary layout of of é conventional gravity sewer system to
serve the Los Osos area has been developed and is shown in Figure 6.1.
Gravity sewers are provided to serve all existing lots of record in the
service area and to accommodate future development of currently unsubdi-
vided land. Gravity sewer preliminary sizes have been selected based on
unit flow rates from Chapter 3 and on assumed minimum slopes. The
service area was divided into gix sewer drainage basins based on USGS
topographical data. FPive of the 8six drainage basins will reguire a
sewage pump sgtation. Pertinent information regarding the six gravity

sewer drainage basins is given in Table 6.1.

The topography of most of Basin 1 slopes consistently downward

toward the ocean and is very favorable for gravity flow sewers. The
area of Basin I between the 20 foot contour and the shoreline, however,

is very flat and is expected to have high groundwater. This flat area

will require deep sewers which will likely be below the groundwater
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TABLE 6.1

CONVENTIONAL GRAVITY SEWER SYSTEM
DRAINAGE BASIN CHARACTERISTICS

25' wide Other Total Sewereda'b Hobilec'd

Basgin Lots Lots Lots Lots Homes Area
(acres)
I 310 1,940 2,250 68 164 1,460

11 1,890 310 2,200 111 - 480
I11 270 240 510 123 450 610
v 2,480 100 2,580 - - 450
v 580 : 20 600 - - 140
VI _ 470 10 480 e = 210
Total 6,000 2,620 8,620 302 614 3,360

Sewered lots are all greater than 25' wide.
Included in Total Lotsa,

Mobile homes are sewered,

Not included in Total Lots,

Lo

& 0

table, Basin I is the largest of the sewer drajinage basins and encomp-
asses most of the undeveloped land within the service area. HNearly all
of this currently undeveloped area may be developed in accordance with
the County Land Use Plan, primarily for single family and multiple
family dwelling units, Existing development within Basin I consists
almost entirely of reaidential subdivisions including Cuesta-by-the-Sea,
Morro Shores Moblle Home Park, Sunset Area, Upland Area, Vista de Oro
and Cabrillo Heights. Vista de Oro subdivision and Morro Shores Mobile
Home Park each have existing gravity sewer collection systems which

diacharge to community septic tank/leach fiald systems.

Bagin II encompasses the southern portion of the high density
residential area of Baywood Park, the west half of the commercial area
of Los Osos Village, the low density residential area of Bayview Heights
and the weat half of the Bayridge Estates subdivision. The terrain of
Basin 11 varies., Topography of Bayview Heights area is similar to Basin
I and is favorable for gravity sewers. The southern tip of the Bayview
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Heights area is within the drainage basin of Los Osos Creek. The few
houses in this area would regquire on-lot pumping facilities to connect
to the gravity sewer system. The topography of most of the rest of
Basin II is undulating and erratic, representative of wind-blown dune
formations., The drainage of the area of Basin II north of Los Osos
Valley Road consists of many small basins which drain to the Bay, to Los
Osos Creek, or to low lying areas which must be pumped or drained. The
area between the 100 foot contour and the 120 foot contour exhibita no
particular drainage pattern. The topography of this area is not condu-
cive to gravity flow sewers and will result in a significant amount of
deep sewer cuts, The Bayridge Estates subdivision has an existing
gravity sewer collection system which currently discharges to a communi-
ty septic tank/leach field systen. The existing gravity sewer system
which serves the west half of Bayridge Eatates will drain to Basin II,

Basin III is within the drainage basin of Los Osos Creek which
flows to the north of the service area. Basin III encompasses the low
density residential Creskside area, the area of Los Oscs Village not in
Basin II, a small portion of Baywood Park, the east half of Bayridge
estates and three mobile home parks, Much of the Creekside area is
currently undeveloped. The divide between Basin II and Basin III north
of Los Osos Valley Road is in the area of undulating terrain between the
100 and 120 foot contours and is therefore not well defined. The topog-
raphy of the remainder of Basin III slopes downward to the center of the
basin to a tributary of Los 0sos Creek. The east half of Bayridge
Estates has an existing gravity sewer system which discharges to the
community septic tank and leach field, Each of the three mobile home

parks also has a community collection system and septic tank.

Basin IV lies in the central ﬁortion of Baywood Park batween two
distinct ridge lines, The ridge to the aouth separates Basin IV from
Basin II and the ridge to the north separates Basin IV from Basin V and
Basin VI. Topography of Basin IV is generally downward away from the
ridges and to a central low area. Although most of the area between the
ridges drains toward the Bay, the inland portion tends to drain toward
Losa Osos Creek. The low area between the ridges does not drain well,

particularly below the 40 foot contour towards the Bay and around the 80
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foot contour towards Los Osos Creek. This low area experiences ponding
during wet weather and has groundwater very clese toc the ground surface,
The flat, low areas of Basin IV will require deep sewers which will
likely be below the groundwater table, Development within Basin IV is
predominantly high-density, single-family residential and includes an
elementary school and junior high school. Areas zoned for commercial

and multi-family development also exist within Basin IV.

Basin V lies between Morro Bay and a ridge which separates the area
from the Basin IV. The terrain 8lopes relatively steeply from the ridge
to the shoreline., While the slope is conducive to gravity sewers, the
flat shoreline is not., Development within Basin V is typical of the
Baywood Park high-density residential development although much of the
subdivided area remains undeveloped. High groundwater is not antici-

pated in this basin except aleng the shoreline,

Basin VI also lies between two longitudinal ridges and is part of
Baywood Park. This area is included as a separate basin because it
slopes toward Los Osos Creek and can therefore drain directly to the

treatment facilities without pumping,

With the exception of Basin VI, each of the sewer drainage basins
will require a pump station to transport sewage to a point where it may
flow by gravity to the treatment facilities. Basin III sewage will be
punped into Basin II, Sewage from Basin I, Basin II {including Basin
III}, Basin IV and Basin V will be pumped through a common force main
interceptor to Basin VI where it will flow by gravity through an
outfall-type interceptor to the treatment facilities.

Design criteria for gravity sewers and force mains are given in
Table 6.2. Design criteria for the five sewage pump stations are given
in Table 6.3. Only those criteria which will have a bearing on prelimi-
nary cost estimates are included. Pump stations, force mains and gravi-
ty sewers have been sized to accommodate the projected ultimate peak wat
weather flow (PWWF). PWWF, per capita flow rates and per unit flow
rates are developed in Chapter 3. 1In sizing sewers in the Baywood Park
and Cuesta-by-the-Sea areas which have substandard sized lots {25-foot
width}, it was assumed that the ultimate number of single-family dwell-
ing units would be 75 percent of the number of lots to account for the

construction of one house on two or more lots.

6-9
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TABLE 6.2

CONVENTIONAL GRAVITY SEWER SYSTEM
PIPELINE PRELIMINARY DESIGN CRITERIA

Gravity Sewers

Desgign Flow

Minimum collector sewer size
Typical lateral size

Ultimate peak wet weather

flow

6-inch diameter
4-inch diameter

CONVENTIONAL GRAVITY

SEWER SYSTEM

PUMP STATION PRELIMINARY DESIGN CRITERIA

Minimum depth of cover 3 feet
Collector sewer pipe material PVC
Lateral pipe material PVC or ABS
Gravity interceptor pipe material vCP
Mannings *"n" 0.008 PVC

0.013 VCP
Minimum slope 0.005
Maximum manhole spacing 400 feet

Force Main

Design flow Ultimate peak wet weather

flow
Minimum pipe size 4 inches
Pipe material PVC
Minimum depth of cover 3 feet
Hazen-~Williams "C" 140

TABLE 6.3

Pump a De- Teotal Pump Odor
Station Design sign HP b Standby Pump Speed Control
Basin PWWF TDH Reqgd. Powerx Type Centrol Equip.

mgd gpm (ft)
1 2.3 1,600 145 90 permanent dry pit variable yes
11 1.9 1,300 125 60 permanent dry pit variable yes
I1x 0.8 580 115 25 portable submersible constant no
v 1.0 720 125 35 permanent dry pit variable yes
v 0.3 200 120 10 portable submersible constant no
a :
bUltlmate flow.
Aasuming 70 percent overall efficiency.
6~10
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Sizing of the facilities for future development was based on the
zoning of unsubdivided land within the area on a rough basis. A thor-
ough review of development plans for the area may be necessary to accur-
ately determine the required capacities of each pump station. Although
not considered in this analysis, phased construction of pumping equip-

ment of the proposed pump stations could prove to be cost-effective,

particularly for Basin I which has the greatest potential for future

growth.

Final location of Bewage pump stations and alignment and size of
force main interceptors may differ from the locations shown on the
preliminary layout. A change of location for the pump statione or force
mains should not affect the outcome of this analysis. Final design of
the gravity sewers will also yield modifications to the preliminary
layout sizes and locations. However, a review of the layout indicates

that it is acceptable and more than adequate for this study.

Conventional Gravity Sewer System Unit Costs

Gravity sewer unit costs include costs for the following items:

° Pavement saw cutting

° Trench excavation

° Shoring, bracing or other safety measures for trench excava-
tions over five feet

° Pipe bedding material and placement

* Pipe material and installation

° Pipe zone backfill material, placement and compaction

* Backfilling and compacting remainder of trench with native
material

* Water and gas service connection repair

° Pavement repair and replacement

e Manholes spaced at an average interval of 300 feet

¢ Spoils removal

® Testing and cleanup

As discussed above, the topography of much of the service area is

guite suitable for gravity sewers, It will be poasible to install

gravity sewers in these areas at relatively shallow depths, above the
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groundwater table. The topography of other parts of the service area
will dictate deep gravity sewer installations below the groundwater
table. Costs for deep sewers are higher than shallow sewers because of
increased excavation costs, backfill costs, dewatering costs, and addi-
tional shoring costs. In general, the progress of the work is much
slower for deep sewers than for shallow sewers, thus decreasing produc-

tion rates and increasing costs.

In order to attain an average unit cost for gravity sewers which
would be appropriate for the Los Osos area, two unit costs were devel-
oped for each pipe size. One cost is for shallow sewers installed at an
average depth of six feet with no dewatering of the trench. The second
cost is for deep sewers installed at an average depth of 12 feet, re-
gquiring shoring and dewatering. The preliminary layout of the gravity
sewer system was reviewed to locate and identify high cost sewers which
were generally found in the flat areas along the shoreline or in the
undulating terrain areas of Baywood Park and Los Osos. Separate take-~
offs were performed for shallow sewers and deep sewers, and are given in
Table 6.4 by drainage basin. The two unit costs given in Table 6.4 were
applied to the separate totals to develop a total cost and an average

unit cost.

Segregation of the gravity sewers into low-cost and high-cost
categories is useful in locating problem areas in the system which could
be mitigated by the use of alternative systems, This approach will be
discussed further in the subsequent section of this chapter dealing with

the combination system alternative.

Unit cost for sewer service laterals includes costs for the Follow-

ing items:

° Pavement saw cutting

- Connection wye on sewer main

¢ Trench excavation

° Pipe material and installation
° Backfilling of trench

e Pavement repair and replacement

° Testing and clean-up

6-12
56242/254.2 9/25/85




CONVENTIONAL GRAVITY SEWER SYSTEM

TABLE 6.4

GRAVITY SEWER PIPELINE AND UKIT COST SUMMARY

6-inch Diameter

B8«inch Diameter

Type B”

Type BP

Basin Type A% Total  Type A% Total
(1£) (1f) {1f) (1f) {1f) (1f)

I 61,000 8,300 69,300 13,500 1,800 15,300

11 29,000 11,000 40,000 5,100 1,900 7,000

111 25,300 9,800 35,100 600 300 900

v 29,300 10,300 39,600 2,200 800 3,000

v 10,100 3,400 13,500 2,000 700 2,700

VI 7,100 800 7,900 —- —- -

Total 161,800 43,600 205,400 23,400 5,500 28,900

Unit Cost (5)

24.00/1f 46.00/1f 29.00/1f

10=-inch Diameter

25.00/1f 47.00/1if 30.00/1f

12-inch Diameter

Basin Type A? Type Bb Total Type Aa Type Bb Total
(1f) (1f) {1f) {1f} {1f) (1f)

I 2,200 1,700 3,200 -— - -

II -— 1,300 1,300 - 1,400 1,400
Il - - - - —-— -
iv 200 4,000 4,200 -- - -
v — - - - - -
Vi - - - - - -
Total 2,400 7,000 9,400 - 1,400 1,400

Unit Cost (5)

26.00/1f 48.00/1f 43.00/1f

28.00/1f 50.00/1f 50.00/1f%

a'.Eype A sewers have an average depth to invert of & feet and require no

dewatering.

Type B Bewers have an average depth to invert of 12 feet and require

dewatering.
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Service laterals will be provided to each subdivided lot. The
number of laterals serving substandard size lots (25 feet wide) was
assumed to be 75 percent of the total number of lots. There are approx-
imately 6,000 substandard lots and approximately 3,000 other lots in the
service area. Lots in areas with existing sewer systems were excluded
in determining total lateral sewer length. Service laterals will be
installed to the property line of each existing undeveloped lot. Ser-
vice laterals for existing developed lots were assumed to extend 20 feet
past the property line. Costs for connection to the service lateral and

abandonment of existing septic tanks are not included.
Unit costs for force mains include costs for the following items:

e Pavement saw cutting

® Trench excavation

® Pipe bedding material and placement

¢ Pipe material and installation

& FPipe zone backfill material, placement and compaction

¢ Backfilling and compacting remainder of trench with native
material

® Water and gas service connection repair

e Pavement repair and replacement

° Air release and air vacuum valves as reguired

¢ Spolls removal

e Testing and cleanup

Costs for the pump atations were determined based on their perform-
ance requirements as compared with the performance reguirements and
costs of similar pump stations. Costs for all pump stations include
consideration of sheet piling and dewatering which will be necessary at
each station. Deslgn criteria for the pump stations are given in Table

6.3.

A summary of the conceptual design components of the conventional
gravity sewer system and the cost estimate for the system are given in

Table 6.5.
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TABLE 6.5

CONVENTIONAL GRAVITY SEWER SYSTEM - PRELIMINARY CAPITAL COST ESTIMATE

Item Quantity Unit Cost Total Cost
{(1£) {$/1f) {s)

Service Laterals
d-inch diameter 300,000 15.00 4,500,000

Gravity Sewers

6-inch diameter 205,000 29.00 5,945,000
8-inch diameter 29,000 30.00 870,000
10-inch diameter 10,000 43.00 430,000
12-inch diameter 2,000 50.00 100,000

Force Main Interceptor Sewers

4-inch diameter 500 17.00 9,000
8-inch diameter 5,300 23.00 122,000
10-inch diameter 400 28,00 11,000
12-inch diameter 4,200 33.00 139,000
16-inch diameter 2,000 39.00 78,000
18-inch diameter 3,900 45,00 178,000

Gravity Main Interceptor Sewer
21-inch diameter 8,700 60.00 522,000

Sewage Pump Stations

Bagin I Pump Station -— - 700,000
Basin II Pump Station - - 500,000
Basin III Pump Station - - 300,000
Basin IV Pump Station - - 400,000
Basin V Pump Station - - 100,000
SUBTOTAL 14,904,000
Contingency (20%) 2,981,000
SUBTOTAL 17,885,000
Contractort's Overhead and Profit (15%) 2,683,000
SUBTOTAL (Conatruction Costs) 20,568,000

Technical Services

Basic Design Services (5.7%) 1,172,000
Right-of-Way Easement Acquisition Services (2%} 411,000
Other Technical Services (12%)% 2,468,000

TOTAL 24,619,000

aIncludes geotechnical, surveying, construction management, legal, fi-
nancial and administrative services.
NOTE: ENR CCI 5180
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Conventional Gravity Sewer System Operation and Maintenance

Cperation and maintenance activities for a conventional gravity
sewer system consist of cleaning sewers, monitoring sewers for illégal
inflow connections, and pump station operation and maintenance. Pump
station O&M involves repair and maintenance of mechanical equipment and

electrical energy costs.

Table 6.6 shows the estimated O&M costs for the first year of
operation. For the purposes of this study, it was assumed that two
workers and a high-pressure cleaning truck would be required for sewer
maintenance. The two-person sewer maintenance crew could clean all
sewers at least once a year in addition to making repairs as necessary.
A separate two-person crew would be required for pump station and force

main maintenance. An annual allowance for materials for sewer and pump

station maintenance is included in the total annual Q&M cost estimate.
Energy costs are based on sewage flow projections for the first year of

operation and on a power cost of $0.08/kWh.

TABLE 6.6

CONVENTIONAL GRAVITY SEWER SYSTEM
ESTIMATED FIRST YEAR O&M COSTS

Item Estimated Cost
Labor - 4 employees @ $30,000/yr $120,000
Materials 25,000
Energy - Pump Stationa ! thru é 20,000
TOTAL $165,000

PRESSURE SEWER SYSTEM

Pregsure Sewer System Degcription

A pressure sewer Bystem can be considered to be the reverse of a

water distribution system. In a pressure sewer system, sewage is pumped

56242/254.2 9/26/85




at its source into a sewer system which is maintained under pressure.
Once in the sewer system, sewage flows to its destination under control-
led hydraulic gradients. A pump is located at each residential or com-
mercial unit or group of units to pump sewage into the collection sys-
tem. Hydraulic gradients in the sewers are maintained by the individual
pumping units and controlled by valves or standpipes on the sewers.
Since pressure sewers flow full under a controlled hydraulic gradient,
it is possible to use small-diameter pipe which can be buried at shallow

depths conforming to the ground contour.

During periods of little or no flow, pressure sewers should remain
full and under pressure. If not pressurized during low-fiow periods,
pressure sewers will drain and f£ill with air and may be subject to
vacuum conditions. Large quantities of entrapped air may be difficult
to remove from the system and would act to throttle sections of line
thereby increasing head losses and decreasging hydraulic capacity of the
system. Vacuum conditions in the lines could cause pipe collapse and

may induce water column separation.

Pressure sewers which generally flow uphill naturally remain full
and under pressure during low-flow periods due to static head. However,
a pressure sewer which slopes downward will tend to drain during low-
flow conditions. Downward sloping pressure sewer lines also may be
subject to water column separation during abrupt reductions in flow such
as during a neighborhood power outage. The momentum and weight of flow
on a downward section of pipe will induce column separation and vacuum
conditions in the line. Water column separation may cause severe hy-

draulic transients which could damage the system.

Standpipes or pressure-gustaining devices have been used to prevent
downward sloping pressure sewers from draining and to maintain a minimum
upstream hydraulic gradient while the system is in a low-flow period.
Standpipes utilize static head by creating a high point in the systen
downstream of the sewer section which would otherwise drain. An alter-
native to a standpipe on a downward sloping section of the line would be
to allow the section to act as a gravity flow line during low-flow
periods. This could be accomplished with vacuum valves at the upstream

location of the section subject to draining and air release valves at

6~-17
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the downatream location of the section. Vacuum valves would be sized to
prevent vacuum conditions in the line by allowing large quantities of
air to be drawn into the line during the transition from pressure flow
to gravity flow, When the pressure flow regime resumes, the downstream

air release valves would vent the air from the system.

Alr release valves are installed at all high points of pressure
severs to release accumulated air from the system. Automatic air re-
lsase valves are provided at locations where air is expected teo accumu-

late rapidly. Manual air release valves may be used where air release

will be required infrequently. Performance of a pressure sewer sgysten
is dependent on proper release of air and gases as they accumulate at
high points. Liberal placement of air release valves ia therefore
encouraged. Gate valves are provided at strategic locations in the
systenr to isolate sections of lines or to bypaas' flow during an emergen-
cy. Cleanouts are provided for cleaning access, Pressure monitoring
stations are provided at key locations in a pressure sewer system to

assess performance and capacity of the systen.

Individual pumping units provided at each sewage source to pump

sewage into the pressure sewer system may be one of two types. The
first type ig known as a septic tank effluent pump (STEP) and the second
is a grinder pump type. Besides major differences in on-lot facilities
for STEP and for grinder pump systems, some subtle differences also
exist in pressure main and treatment facilities design. On-lot facili-
ties for each individual pumping unit consist of the pump, controls,
Piping, appurtenances and all other necessary equipment up to the con-
nection with the pressure sewer main. To avoid the cost of a separate
power supply system for the on-lot pumps, the power supply for each pump
iz obtained via the user's power connection. The user must therefore,
pay the electrical cost of ruaning the on-lot pump which would be in the
order of $5.00 per year. Since the on-lot facilities are owned by the
entity providing sewage collection service, an easement must be granted
by the user to the sewering entity to allow access to the on-lot facili-
ties. STEP and grinder pump on-lot facilities are discussed in detail
in the following sections.

6~18
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STEP On-Lot Facilities

In a STEP system, sewage is first discharged to a septic tank for
removal of solids and scum. Effluent from the septic tank is pumped
into the pressure sewer system for transmission to the treatment facili-
ties. Digested sludge and scum (septage) are removed from the septic
tank as required at intervals similar to those of a typical septic
tank/leach field system. It is estimated that septic¢ tanks provide

primary treatment to the following degree:

° 80 to 90 percent grease removal
¢ 60 to 90 percent suspended solids removal

e 50 to 80 percent BOD reduction.

Removal of the majority of the greases and solids from the Bewage
through the septic tanks simplifies pumping and reduces clogging and
grease build-up in the small-diameter pressure sewers and at air release
valves. The treatment afforded by the septic tanks reduces the strength

of the sewage and thereby reduces treatment facility requirements.

The pump assembly is placed directly into the septic tank where it
is suspended from an opening in the top of the tank. The assembly is
contained in a vault with entry ports located between the aludge and
scum layers in the tank to avoid intake of solids. A submersible well-
type pump in the vault is controlled by mercury float level switches.
Three switches are provided in the vault for pump on, pump off and high-
water alarm, A mesh screen in the vault prevents intake of solids into
the pump. A control panel is provided for each unit above grade where a
high-level alarm is indicated by a red 1light,. The user must notify
maintenance personnel when the alarm light is on. In the event of pump
failure or power failure, the septic tank provides emergency storage

volume.

Discharge piping to the pressure sewer is provided with a check
valve to prevent backflow from the sewer into the septic tank and an
isolation gate wvalve. A check valve and an isclation valve are also
provided as part of the pumping assembly in the pump vault. The check

valve at the pump prevents the lateral line from draining back into the
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septic tank and filling with air which would be forced into the collec-
tion system during the next pump cycle. The pump check valve also
provides a back-up to the lateral check valve. A typical STEP unit
serving one or two homes will have a 1-1/4 inch diameter discharge line.

Typical STEP on-site facilities are shown in Figure 6.2.

In areas with existing septic tanks there are two options available
for STEP system installation. If the existing septic tanks are gen-
erally in good condition, a pump assembly can be placed in each existing
tank. The second option is to abandon the existing tanks and install a
single new interceptor tank and STEP assembly for every house or for two
or three houses. If existing tanks are in poor condition, they may not
be watertight and could be subject to infiltration or exfiltration, thus
justifying abandonment. New develcopment would have the option of using

a single septic tank and STEP assembly to sBerve one, two or three users.

When a single STEP unit serves two or more users, one user must
provide the power connection, thus necessitating the need for power
cost-sharing arrangements. Larger capacity pumps are avallable for
large flows from septic tanks serving commercial users, apartment com-

plexes or community systems.

Grinder Pump On-Lot Facilities

Grinder pump systems are different from STEP systems in that solids
in the sewage are not removed but are macerated into a slurry as the
sewage is pumped into the pressure sewer system., Septic tank operation
is therefore not required. Grinding sclids into a slurry allows the use

of small-diameter pipe.

Sewage flows from its source directly into a wet well containing a
grinder pump assembly. Contrcl and arrangement of a grinder pump assem-
bly are similar to the STEP assembly. Float level ewitches provide pump
on, pump off and high-level alarm signals to a control panel nounted
above grade. A check valve is provided at the connection to the pres-
sure main and also on the pump discharge pipe in the wet well. A gate
valve is provided near the pump unit and a corporation stop is located
at the main line connection. A typical grinder pump unit serving one or

two homes will have a 1-1/4 inch diameter discharge line. Due to the
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power requirements associated with grinding solids, the grinder pump
minimum motor size is two horsepower compared with 1/3 horsepower for a
typical STEP punp. A typical grinder pump installation 1s shown in
Figure 6.3.

As with STEP systems, the grinder pump unit may service one or more
users. Unlike the STEP system, however, the grinder pump wet well pro-
vides little storage during pump failure or power failure. If a grinder
pump system is used, existing septic tanks could possibly be used for

overflow storage, but would likely be abandoned.

Pressure Sewer System Technical Feasibility

A list of existing pressure sevwer systems nationwide is provided in
Appendix F. Pressure sewer systems have proven to be a wviable alter-
native to conventional gravity sewers at the locations listed in Appen-
dix F. The STEP system which services the community of Glide, Oregon is
one of the oldest and largest pressure sewer systems. The Glide system
has been fully operational since March 1980 and has made substantial
contributions to pressure sewer technology, especially for STIEP systems
(Reference 6.6}. Pressure sewer technology has reached the point where

most of the "bugs" have been discovered and remedied by design changes.

The systems at Glide and elsewhere have shown that pressure sewers
are technically feasible and economical under certain circumstances.
However, existing pressure sewer installations have also shown that
careful planning and design are necessary to insure that systems are not

plagued by long-term maintenance problems.

Pressure Sewer System Advantages

Since pressure sewer systems function independently of gravity,
they provide a feasible alternative to conventional gravity sewers in
areas with difficult terrain, sparse population, or other conditions
which make gravity sewers impractical and uneconomical. Pipeline con-

struction of small-diameter pressure sewers buried at shallow depths is

less costly than conventional sewers, especially in areas with high

groundwater or shallow bedrock. This cost advantage is enhanced if a

number of pumping stations would be reguired with a conventional systemn.

However, much of the pressure sewer pipeline cost savings may be offset
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by additional capital and 0O&M costs associated with mechanical equipment
such as pumps and valves. If conditions are such that the costs of a
conventional system will be exceedingly high, a pressure @ewer system
offers the versatility to overcome some adverse conditiona and be used
in place of a conventional system at a lesser cost. If conditions are
suitable for a conventional sewer system, however, the cost of a pres-
sure system will likely be higher or comparable to a conventional

system.

Therefore, the primary advantage of the pressure sewer system has
historically been that it can be used in areas where the application of
a conventional gravity sewer system is either not feasible or too costly
due to difficult conditions. 1In such difficult conditions a pressure
sewer system can be constructed at significant cost savings over a
conventional gravity sewer system. The area served by the Glide proj-
ect, for example, is sparsely populated and has terrain unsuitable for
gravity sewers. If a gravitf sewer system had been constructed at
Glide, 19 mainline pump stations would have been required and 48 on-lot
facilities would still have been necessary to sewer a population of

approximately 2,000 (Raeference 6.6).

An additional cost advantage of pressure sewer gystems is that
costs are deferred, thus taking advantage of the time value of money.
One way that costs are deferred in a pressure system is by construction
of a system that may be less expensive to build, but more expensive to
maintain than a conventional system. A significant amount of pressure
sBystem capital cost is also deferred in the form of on-lot facilities
for future development. The sewer system is constructed to accommodate
future development, but the on-lot facilities are not put in place until
development is underway. Developers couid be given the responsibility
to provide the on-lot facilities to County specifications as a condition
of connection to the sewer system in addition to a connection charge for

the sewer sysiem and treatment facilities.

Another advantage of pressure systems is that there is little or no
I/I in the system. Infiltration may be introduced to the system only at
septic tanks or wet wells which are not watertight. Inflow from down-

outs or sump pumps could enter the system only through connections to
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building plumbing. Elimination of I/I reduces flow requirements in the
collection system and at the treatment facilities. Reduced flow at the

treatment facilities results in reduced capital and 0O&M costs,

STEP System Advantages

Removal of sclids and scum from sewage in a STEP system simplifes
pumping. Efficient, reliable pump types may be used in place of typical
sewage pumps. Clogging of pumps, pressure sewers or alr release valves
is avoided since solids are removed from the flow prior to pumping. It
is expected that cleaning of STEP pressure sewers will be needed much
less frequently than grinder pump pressure sewers. During pump failure
or power failure the septic tank provides emergency storage of sewage,
A STEP system provides partial sewage treatment in the on-lot septic

tanks which act as clarifiers and long-term anaerobic sludge digesters.

Grinder Pump Systen Advantagas

Because grinder pump systems do not rely on septic tanks to remove
golids from the sewage, negative aspects aasociated wtih septic tanks
are avolded. The capital cost of a grinder pump wet well will be less
than that of a STEP septic tank. Septicity problems of smeptic tank
effluent discussed in the following sections are avoided because sewage
is pumped into the pressure sewer system shortly after it enters the
grinder pump wet well. The potential for odor, corrosion and treatment
facility impacts associated with a grinder pump syatem is much less than
with a STEP syatem. In fact, grinding of sewage solids at the source
precludes the necessity for solids grinding at the treatment facilitles.
Grinder pump units thereby provide a primary treatment process., Also,
pumping of septic tank septage iz not necessary with grinder pumps.

Pressure Sewer System Disadvantages

The primary disadvantage of preseure sewer systems is the level of
O&M effort required. The proliferation of mechanical equipment such as
puxps and valvea increases the potential for failure and necesaitates a
rigorous preventative maintenance and monitoring program. Pressurized
sewers also have the potential to burst or leak, resulting in spillage
of partially treated sewage in the case of a STEP system or untraated

Bewage in grinder pump systens, The high cost of 0&M for a preasure
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sewer system in the long term may significantly offset capital cost

savings over a conventicnal gravity sewer system,

The successful application of pressure sewer systems has hinged on
the inability of conventional sewers to overcome economically adverse
conditions. However, if conditions are conducive to conventional sew=
ers, pressure sewers may have a higher capital cost in addition to

higher 0O&M costs.

STEP System Disadvantages

Sewage in a septic tank is maintained in an anaerobic or septic
state in which nuisance gases such as hydrogen sulfide, méthane, carbon
dioxide and carbon monoxide are produced. Hydrogen sulfide is highly
corroslive to many materials and has a strong, offensive odor. Materials
for on-lot pumping facilities and pressure sewer valves and standpipes
must be carefully selected to be inert to hydrogen sulfide. Air release
valves often must diacharge to solil absorption beds to prevent an odor
nuisance caused by venting trapped gases. Treatment facilities must

incorporate hydrogen sulfide and odor control syatems,

Another disadvantage of STEP systems is operation of on~-lot septic
tank facilities. Accumulated digested sludge and scum nmust be removed
from the tank and disposed of as required. However, removal intervals
are expected to be long. Equipment to remove and dispose of septage is
a necessary component of a STEP system., The tresatment facilities must

be designed to be capable of receiving and processing septage.

Grinder Pump System Disadvantages

Due to the harsh operational requirements of the grinder pump, more
pump failures and clogging and shorter pump life are anticipated than
for STEP pump uwnits. Grinder pumps must have larger horsepower motors
than STEP pumps to have adequate power to be able toc macerate solids.
Larger motor regquirements mean higher pump cost and higher power costs.
Grease buildup on the interior of preasure sawers and on air release
valve orifices occurs with grinder pump systems. Clogging of the sewer
lines and valves is more likely with grinder pumps than with STEP pumps
and cleaning of grinder pump sewer lines and valves must be done more

frequently than with STEP systema. Clogged sewer lines will increase
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head losses in the system and clogged air release valves may allow accu-
mulation of air in the system which would further impair the hydraulic
capacity of the lines. In the event of pump failure or power fallure,
the storage capacity of the grinder pump wet well is limited. Because
of the solids in a grinder pump pressure sewer gystem, scouring veloci-
ties in the sewers must be high, thereby increasing friction losses,

pumping costs and pressure in the system,

Pressure Sewer Syatem Conceptual Design

A preliminary layout of a pressure sewer saystem to serve the Los
Osos area has been developed and is shown in Pigure 6.4. Design cri-
teria for the pressure sewer system are given in Table 6.7. Although
there may be subtle differances between a STEP pressure sewer system and
a grinder pump sewer system, the layout and sizing of the pressure
sewers will be the game for either type of system. The layout of the
collection system generally corresponds to the layout of the gravity
Bewer system since both gystems must gerve the same areas. In order to
avoid high discharge heads for the on-lot facilities and to keep the
pressure in the system at an acceptable level, the system is divided
into two pressure zones., 1In general, the lower presure zone is the area
between the shoreline and the 60~foot contour, while the upper pressure

includes the area above the 60-foot contour.

Two pump stations are required to pump flow from the lower pressure
zone into the upper pressure zone, The location of the two punp sta-
tions and their tributary areas is shown on Figure 6.4. The deslign cri-
teria for the pump stations are listed in Table 6.8. Pumping capacities
of the pump stations were determined based on the number of axisting
lots and the potential for future development with the tributary area of
each station. The pump stations are located above the 60-foot contour
so that the lower pressure zone system is maintained under constant
pressure, At downward sloping pressure sewer sectiona in the upper
pressure zone which may be subject to de-pressurization, vacuum breaker
valves and air release valves will be used to avoid water column pepara-

tion in lieu of standpipes,
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TABLE 6.7

PRESSURE SEWER SYSTEM - PRELIMINARY DESIGN CRITERIA

Iten . Criteria

Pressure Sewers

Minimum pipe size 3-inch diameter
Maximum system pressure 60 psai

Pipe material BVC

Minimum depth of cover 3 feet

Air release valves Provide at high points
Blow=-down assemblies Provide at low points

On-Lot Faclilities

Type STEP
Punp type Submersible vertical turbine
Typical pump horsepower 1/3
Typical discharge lateral size 1-~1/4 inch diameter
Discharge lateral pipe material PVC
Alarm actuation High tank level

TABLE 6.8

PRESSURE SEWER SYSTEM
PUMP STATION PRELIMINARY DESIGN CRITERIA

De- Total Pump Odor
Pump Design sign HP Standby Punp Speed Control
Station Capacity TDH Regd. Power Type Contrel Equip.

mgd gpm {(ft)

vert.
A 0.7 490 110 20 permanent turbine variable yes
vert.,
B 0.5 350 75 10 permanent turbine wvariable yesg
aAssuming 70 percent overall pump efficiency.
6-29
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Preasure sewer preliminary sizes were selected based on flow cri-
teria adopted from a Batelle Institute report concerning pressure sewer
design considerations (Reference 6.9). Actual design of the pressure
sewer system will be based on flows developed through computer simula-
tion of the probability of a certain number of pumps discharging to a
pressure sewer line simultaneously. Computer network analysis would
also be necessary to select optimum pipe sizes and layout and to deter-

mine discharge head regquirements for the individual pumping units.

Existing gravity sewers and cluster septic tank/leach field systems
serving the mobile home parks and the Bayridge Estates and Vista de Oro
subdiviasions will require separate, large pump units. These large units

are considered separately as cluster pump stations.

An outfall-type interceptor will transport sewage from the service
area to the treatment facilities as with the conventional gravity sewer
system, Due to the lack of I/I in the pressure sewer system, the inter-
ceptor size is smaller than for the conventional gravity sewer system.
As with the conventional system, the location of pump stations, the
élignment of the pressure sewer interceptor pipelines, pump station
capacities and pressure sewer sizes willl likely be modified during the
design phase of the project. However, for the comparison purposes of
this study, the conceptual design shown in Pigure 6.4 will be adequate.

On=Lot Facilities

The following alternatives were initially considered for on-lot
facilities:

° One STEP unit including new interceptor tank at each connection
. One grinder pump unit at each connection

. A STEP pump unit in each existing septic tank with an intercep--

tor tank and STEP unit for each new connection

° One STEP unit with new interceptor tank to serve an average of

two connections

o One grinder pump unit including wet well to serve an average of

two connections
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Cost data indicate that the capital cost of a grinder pump on-lot
unit is comparable to that of a STEP on-lot unit, However, energy,
maintenance, and replacement coats are generally higher for grinder pump
systems as discussed in the preceding sections. Most existing pressure
sewer systems utilize STEP units to avoid the disadvantages of pumping
sclids and grease material through the pressure sewer system. STEP
units are therefore recommended as the on-lot facilities for considera-
tion of a pressure sewer system in Los 0Osos and will be evaluated exclu-

sively throughout the remainder of this chapter.

Due to the uncertainties of infiltration and exfiltration associ-

ated with the use of existing septic tanks as STEP interceptor tanks,

thisz conceptual design does not consider use of existing tanks. How-

ever, if the preasure asewer system alternative 1is implemented, the
feagibility of using at least some of the existing septic tanks should
be investigated.

The following alternatives were therefore selected from the initial

considerations for detailed cost evaluation:

Alternative A: One STEP unit including new interceptor tank at

each connection.

Alternative B: One STEP unit including new interceptor tank serv-

ing two connectlions.

Alternative C: One STEP unit including new interceptor tank serv-

ing two connections, located in County right-of-way
and provided with a separate power source and

traffic loading access covers,

Alternatives A and B present typical pressure sewer system arrange-
ments. In Alternative A, each user has its own STEP unit, located on-
that user's lot and provided power gervice from that user's power con-
nection. Alternative B proposes to use one STEP unit to serve two users
in order to reduce the STEP unit capital costs, which represent a sig-
nificant portion of the total pressure gewer system capital cost,.
However, the STEP unit must be placed on one of the two lots it serves
and must be provided a power connection from that lot, Alternative B
has the potential to create many difficultiss in administering placement
of the STEP units,
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Alternative C was considered to circumvent foreseeable problems of
Alternative B while preserving the cost savings of one STEP unit per two
users. In order to avoid unevenly placing the burden of locating and
providing power to shared STEP uwnits on scme users and not others,
Alternative C proposes to have one STEP unit serve two users but to
place the STEP units in the County right-of-way with a separate indepen-
dent power source, The STEP unit access risers and covers which are
normally provided are not capable of withstanding traffic loadings.
Therefore, the STEP units considered for Alternative C will have an
additional cost associated with providing traffic loading accesas risers

and covers neceasary to place the units in the County right-of-way.

Future development within the Los 0so0s service area for all pres-
Bure sewer alternativea would connect directly to the pressure sewer
main so no service laterals would need to be provided for future connec-
tions. However, new on-lot facilities would be added to the systenm
avery year to service new development. Capital costs for future on-lot

facilities are not included in the initial construction capital cost
estimate but are conaidered as future capital expenditures in the pres-

ent worth analysis ssction of this chapter,

Pressure Sewer System Unit Costs

Unit costs £for pressure sewers include costs for the following

items:

e Pavement saw cutting

° Trench excavation

° Pipe bedding material and placement

. Pipe material and installaticn

& Pipe zone backfill material, placement and compaction

¢ Backfill and compaction of remainder of trench with native
material

@ Repair of water and gas service connections

° Pavement repair and replacement

° Air release valves with odor treatment features, air vacuum
valves and gate valves

° Cleanouts

° Testing and cleanup
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Valves and other appurtenances on the pressure sewer system are not
considered separately for the conceptual design cost estimate. The
actual number and type of appurtenances will be a function of subsequent
design efforts. Costs for these appurtenances are incorporated into the
unit costs for preasure sewers as discussed in the following section,
Design criteria for the pressure sewer system, including typical STEP

pumping units, are listed in Table &.7.

Unit cost for the on-lot facilities 1s based on a STEP system and
includes material and installation costs for the STEP interceptor tank/
pump assembly, discharge lateral, connection to the sewer main, controls
and control panel, and powar connection. The STEP assembly and dis-
charge lateral include all appurtenances shown in Figure 6.2. Connec-
tion to the interceptor tank and abandonment of existing septic tanks
are not included. A unit cost of 52,000 was used for materials and
installation for the complete STEP unit based on recent bid prices for

pressure sewer systems (Reference 6.10).

The cost for the power supply system in Alternative C was developed
based on providing individual power systems for each block of STEP units.
Each individual block system would include a connection to the primary
power source, a meter and main switchboard, conduits and cable in the
right-of-way, conduits and cable up to the connection with each STEP
contrcl panel, and pull boxes. A cost estimate for such a power supply
system was developed for a typical block. In addition to the above,
costs include trenching, backfilling, compaction, and concrete encase-
ment for conduits. A per STEP unit cost was calculated from the typical
block cost estimate and applied to the total number of STEP units. Unit
cost for on-lot unit traffic covers in Alternative C was based on recent

construction costs for such covers.

Costs for pressure sewer pump sBtations were developed and were
found to be comparable to conventional gravity sewer pump stations.
Costs for the pump stations were therefore determined based on their
performance requirements as compared with the performance requirements
and costs of conventional gravity sewer pump stations. Meagures to
mitigate odor and corrosion effects of effluent septicity and standby

power facilitias are included for the pressure sewer pump stations.

56242/254.2 5/2/86




Standby power is provided in the event that some or all of the bn-lot
facilities would not be affected by an outage affecting the the pump
stations. A summary of the conceptual design components of the three
pressure sewer alternatives and their respective cost estimates are

given in Tables 6.9, 6,10, and 6.11.

Pressure Sewer System Operation and Maintenance

Operation and maintenance reguirementa for a pressure sewer system

include the following (Reference 6.11):

Cleaning and maintenance of air release valves
° Actuation of manual air release valves

° Gate valve exercising

° Cleaning or pigging of pressure sewer lines
Repair of damaged presaure sewers

° Pressure monitoring

. On-lot or R/W pump unit repair or replacement
e Pump station maintenance

. On-lot or R/w pump unit power costs

¢ Pump statior power costs

. Septic tank pumping costs

Table 6.12 shows the estimated O&M costs for the first year of op-
eration. It is assumed that six maintenance personnel will be regquired
to operate and maintain the proposed pressure sewer system. A two-
person crew with a pumper truck will be assigned to pump septage from
gseptic tanke on a full-time basis. Assuming this c¢rew can pump two
tanks per working day, the pumping frequency for one unit serving two
users would be approximately 5 years and would be approximately 10 years
for one unit serving one user. The pumper truck would alsc be available
to empty tanks whose pump unit had failed. A second two-person crew
will be responsible for maintenance of the pressure sewer system. The

third two-person crew will operate and maintain the twc main pump sta-

tions and the on-lot pump unita.
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TABLE 6.9

PRESSURE SEWER SYSTEM - PRELIMINARY CAPITAL COST ESTIMATE
ON=-LOT FACILITIES ALTERNATIVE A - ONE UNIT PER USER

Itenm Quantity Unit Cost Total Cost
(s) (s)

Pressure Sewers

3~inch diameter 184,000 1f 16,00/1f 2,944,000
4-inch diameter 17,000 1f 17.00/1LE 289,000
6-inch diameter 9,000 1f 21.00/1f 189,000
8=-inch diameter 15,000 1f 23.00/1£f 345,000
10-inch diameter 6,000 1f 28.00/1f 168,000
16-inch diameter 7,000 1f 48.00/1f 336,000
Pump Station A - - 250,000
Pump Station B - - 200,000
Cluster System Pump Stations 7 50,000 ea, 350,000
Oon-Lot Pump Facilities 4,200? 2,000 ea. 8,400,000

Gravity Interceptor Sewer

18=-inch diameter 8,300 1f 55.00/1% 457,000
SUBTOTAL 13,928,000

Contingency (20%) 2,786,000

SUBTOTAL 16,714,000

Contractor's Overhead and Profit (15%) 2,507,000

SUBTOTAL (Construction Costs) 19,221,000
Technical Services

Basic Design Services (5.9%) 1,134,000

Right-of-Way Easement Acquisition (4%) 769,000

Other Technical Services (12%)b 2,307,000

TOTAL 23,431,000

3Value cannot be directly correlated with Table 2.1 because cerxtain

assumptions were made regarding number of multiple units per connecticn
to account for apartments, etc.

Includes geotechnical, surveying, construction management, engineering,
legal, financial and administrative services.

NOTE: ENR CCI 5180
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TABLE 6.10

PRESSURE SEWER SYSTEM - PRELIMINARY CAPITAL COST ESTIMATE
ON-LOT FACILITIES ALTERNATIVE B - ONE UNIT PER TWO USERS

Iten Cuantity Unit Cost Total Cost
(s) {s)

Pressure Sewers

3-inch diameter 184,000 1f 16.00/1f 2,944,000
4-inch diameter 17,000 1f 17.00/1f 289,000
6~inch diameter 9,000 1f 21,00/1f 189,000
8-inch diameter 15,000 1f 23.00/1f 345,000
10-inch diameter 6,000 1f 28,00/1f 168,000
16-inch diameter 7,000 1f 48.00/1f 335,000

Pump Station A - - 250,000

Pump Station B - - 200,000

Cluster System Pump Stations 7 50,000 ea. 350,000

on-Lot Pump Facilities 2,100% 2,000 ea. 4,200,000

Gravity Interceptor Sewer

18-inch diameter 8,300 1f 55.00/1f 457,000

SUBTOTAL 9,728,000
Contingency (20%)

1,946,000
SUBTOTAL 11,674,000

Contractor's Overhead and Profit (15%) 1,751,000

SUBTOTAL (Construction Costs) 13,425,000
Technical Services
Basic Design Services (5.9%) 792,000
Right-of-Way Easement Acquisition (4%) 537,000
Other Taechnical Services (12%)b 1,611,000
TOTAL 16,365,000

%Value cannot be directly correlated with Table 2.7 because certain
assumptions were made regarding number of multiple units par connection
to account for apartments, etc.

Includes geotechnical, surveying, construction management, engineering,
legal, financial and administrative services.

NOTE: ENR CCI 5180
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TABLE 6.11
l PRESSURE SEWER SYSTEM - PRELIMINARY CAPITAL COST ESTIMATE
ON-LOT FACILITIES ALTERNATIVE C - ONE UNIT IN R/W PER TWO USERS
l Item Quantity Unit Cost Total Cost
{s) (s)
l Pressure Sewers
3=-inch diameter 184,000 1f 16.00/1£ 2,944,000
' 4~-inch diameter 17,000 1f 17.00/1f 289,000
6=inch diameter 9,000 1f 21,00/1f 189,000
l 8=inch diameter 15,000 1f 23.00/1%F 345,000
10-inch diameter 6,000 1f 28.,00/1%f 168,000
l 16-inch diameter 7,000 1f 48.00/1f 336,000
Pump Station A - - 250,000
Pump Station B - - 200,000
l Cluster System Pump Stations 7 50,000 ea. 350,000
R/W Pump Pacilities 2,1002 2,000 ea. 4,200,000
l R/W Pump Power Supply System - - 3,300,000
R/W Pump Traffic Weight a
Acceas Covers 2,100 500 ea, 1,050,000
' Gravity Interceptor Sewer
18=-inch diameter 8,300 1f 55.00/1f 457,000
l SUBTOTAL 14,078,000
Contingency (20%) 2,816,000
' SUBTOTAL 16,894,000
Contractor's Overhead and Profit (15%)} 2,534,000
SUBTOTAL (Construction Costs) 19,428,000
' Technical Servicas
Basic Design Services (5.9%) 1,146,000
Right-of-Way Easement Acquisitson (4%) 777,000
l Other Technical Services (12%) 2,330,000
TOTAL 23,670,000
. 2value cannot be directly correlated with Table 2.1 because cartain
assumptions were made regarding number of multiple units per connection
' to account for apartments, etc.
Includes geotechnical, surveying, construction managemaent, engineering,
legal, financial and administrative services.
l NOTE: ENR CCI 5180
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TABLE 6.12

PRESSURE SEWER SYSTEM
ESTIMATED FIRST YEAR O&M COSTS

Item Estimated Cost
Labor - 6 employees at $30,000/year $180,000%
Materials 25,000
Energy
STEP units 12,000
Pump Stations A and B 4,000
TOTAL $271,000%

aFor Pressure Sewer Alternative A, 7 employees were assumed.
Estimated labor is $210,000 and the Total Estimated Cost is
301,000,

With regard to the two on-lot and one R/W facilities alternatives,
it was assumed that energy O&M costs would remain the same for each
alternative. Although Alternative A proposes twice as many pumps as
Alternatives B and C, the pumps in Alternative A will only operate half
the time of the other pumps. ©On the other hand, additional labor (as-
sumed as one more person) is required for Alternative A, because it

contains twice as many pump units as Alternatives B and C.

An annual allowance for materials costs is included in the pressure
sewer system O&M costs. Not included in the materials allowance are re-
placement costs for failed on-lot or R/W pump units because they will
be under warranty. On-lot and R/W unit replacement costs are considered
in the present worth analysis of this chapter. Energy costs were calcu-
lated based on sewage flow projections for the first year of operation
and a power cost of $0.08/kWh. Energy costs for on-lot pump units are
based on STEP units. Grinder pump powers costs would be higher than
STEP pumps.
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VARIABLE~GRADE GRAVITY SEWER SYSTEM

Variable-~Grade Gravity Sewer System Description

The variable-grade gravity sewer (VGS) concept is a modification of
the STEP systen. Effluent from individual septic tanks is conveyed
through small-diameter pipes buried at sghallow depths following the
ground contours, Instead of pumping effluent from the septic tanks, the
VGS system utilizes differential static head between the tank outlet and
the system diszcharge point to drain the effluent to the discharge peint.

The discharge point typically would be a treatment facility or punp
station,

So long as each meptic tank outlet on the systemn is higher than the
hydraulic gradient of the sewer, effluent will drain from the septic
tank to the discharge point. Each low point in the sewer will constant-
ly be full of standing water but will drain in the same manner as a aink
drain trap. The hydraulic gradient of the sewer will follow the profile
of the sewer except at low points where the hydraulic gradient will
correspond with the watexr level at each aide of the low peoint,

Since most of the solids are removed at the septic tank, solids
settling and deposition at sewer low peints should not occur. Removal
of solids from the sewage also allows the use of smaller pipes than
those required for conventional sewers where blockage is a considera-~
tion. As with the STEP system, digested sludge and scum which accumu-
iate in individual septic tanks must be removed and disposed of at
intervals comparable to a typical septic tank and leach field systen,

In order to raalize the advantage of minimum sewer pipe sizesa, it
is important to maintain a relatively constant flow rate from each indi-
vidual meptic tank,. This flow equalization is accomplished with a
specially designed septic tark which has a separate surge atorage cham-
ber or flow equalization chambar provided on the discharge end of the
tank. When a surge of sewage is discharged intoc the tank, an equal
volume of effluent is discharged from the tank to the surge storage
chamber. Effiuent is allowed to drain slowly from the chamber to the
sewer main through an orifice outlet., A standpipe iz used to vent the
orifice outlet and to provide an overflow outlet. The recommended

configuration for a surge storage chamber is shown in FPigure 6.5.
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If existing septic tanks are to be used in a VGS Bystem, it ige
recommended that & surge storage chamber be installed on the discharge
end of the tank. A single surge storage chamber could possible be
connected to two or more existing septic tanks. Other methods may bhe
devised to equalize flow from existing septic tanks which would utilize
the volume of the tank itself for surge storage., Foregoing flow equal-
ization altogether would result in larger sewer lines for sewers serving
only a small number of homes. Sewers draining a large number of homes

may not be affected as much since peak flows would tend to be lower.

The surge storage chamber also provides for storage of effiuent for
septic tanks which are usually above the sewer hydraulic gradient, but
which are temporarily below the hydraulic gradient during periods of
high flow. Wwhen the peak flow condition is over, the hydraulic gradient
lowers and effluent drains from the surge storage chamber to the sewer.
The sewer system can be designed to avoid or minimize the number of
septic tanks subject to elevated hydraulic gradients by lowering the
downstream profile of the sewer and therefore lowering its hydraulic
gradient. Elevated hydraulic gradients crsate the potential for bhack-
flow into individual septic tanks.

If a septic tank outlet is below the sewer or if a septic tank is
located at a sewer low point containing standing water which will con-
stantly be below the sewer hydraulic gradient, effluent must be pumped
from the tank into the sewer, This pumping is different from the STEP
system because pressure is not maintainad in the sewer. Effluent is
punped to a surge storage chamber located above the sewer hydraulic
gradient where it drains by gravity into the sewer. This arrangement
provides flow equalization and prevents temporary preassurization of the
sewer. Pressure in the sewer would elavate the sewer hydraulic gradi-
ent, potentially to a level which would cause backflow into individual
septic tanks. If location of a surge storage chamber above the sewer
hydraulic gradient is not possible, direct pumping into the sewer would

be feasible but may require a larger sewer or additional pumping unita.

As with conventional gravity eewers, pump stations and force mains

are regquired with the VGS system as topography dictates, These punp

stations would be similar to those used with conventional gravity sewers
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except that consideration of the differences between raw sewage and

septic tank effluent would be necessary.

Those septic tank connections subject to backflow caused by tempor-
ary hydraulic gradijent increases must be provided with backwater valves,
Backwater valves are used in lieu of check valves because they stay open

when not in use and provide a vent for the sewer line. Check valves

must be provided on the discharge line of each pump unit to prevent
backflow,

Vents are required on the sewer line as on household plumbing to
maintain atmospheric pressure in the syatem to avoid backpressure and
siphoning slugs. Vacuum conditions caused by inverted siphona can be
avoided by providing a vent at all high points on the sewer. Although
solids accumulation in the sewers is not expected, clean-outs should be
provided for access to the sewer for cleaning and testing. Vents which
can also function as clean-outs will reduce the number of clean-outs

required.

Variable-Grade Gravity Sewer System Technical Feasgsibility

The VGS concept ias quite new. Almost all the information available
on the VGS system is based on an experimental pilot project in the com-
nunity of Mt. Andrew, Alabama, The Mt. Andrew project involved 31
houses served by three separate sewer lines, twe 3-inch and one 2-inch.
The results of the project were published in May 1984 after the system
had been in operation for about four years and seem to indicate that VGS
systems are technically feasible (Reference 6.,13). There are asaveral
VGS projects currently under way in California (Reference 6.14). Three
communities in Ohio are also proceeding with VGS projects based on the
Mt. Andrew study (Referance 6.15). All of the projects are in the
planning or construction phases and in general are not expected to be-
operational until 1986 or 1987. A list of VGS projects is provided in
Appendix G. Note that the communities which are undertaking VGS proj-
ects have much smaller populations than CSA No. 9.
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The capacities of all three of the Mt. Andrew sewer lines were much
greater than the effluent flow from the 31 houses. After 18 months of
oparation, the 2-inch sewer was unearthed at several locations and in-
Bpacted. The inspected sections displayed no signs of solids accumula-
tion despite concantratidns of suspended solids in the effluent which
were greater than that of typical septic tank effluent. While the in-
formation gained from these inspections is positive, it cannot be con-
sidered conclusive considering the short period of service and the low

flow rates (Reference 6.13).

Many modifications to the vGsS system were developed based on the
four years of operation of the Mt. Andrew system. Some of these modifi-
cations have yet to be tested. The 8urge storage chamber was an idea
spawned from the Mt., Andrew project. However, this concept has not been
tested and clogging of the outlet orifice (3/16-1inch diameter is recom-
mended) may be a significant operational problem,

The VG5 projects now under way are expected to provide the answers
to many of the remaining questions regarding VGS systems, While the Mt.
Andrew system proved that the VGS concept will work on a small scale, it
has yet to be conclusively proven on a larger scale. It is apparent
that some of the VGS technology must undergo further refinement in
addition to that provided by the operational experience at Mt. Andrew.
However, the Mt, Andrew system did indicate that VG5 is technically
feasible and will work under the right conditions.

Variable-Grade Gravisz Sewar Systenm Advantages

The primary advantages of the VGS system are low construction cost
and low O&M cost. Construction of a VGS system involves relatively
small pipe buried at shallow depths. Removal of solids from the flow
and equalization of peak flows allow the use of small-diameter pipe.’
Removal of solids from the flow allows the profile of the sewer to
follow the ground contours because solids deposition will not occur.
Manholes are also dispensed with because of the lack of solids in the
flow. The small pipe size reduces material and handling coats and the
shallow depth reduces excavation and groundwater dewatering costs,
Sewer grade and alignment are ideally not critical for VGS which makes

excavation and pipe laying procedures simpler and less costly. Since
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individual pumping units are ideally not required, material, instal-
lation, capital and O&M costs for these units are avoided. The dif-
ference between the cost of clean-outs and vents on VGS and the cost of
manholes for conventional sewers represents substantial savings for a

VGS system,

Sewer maintenance requirements are comparable to conventional grav-
ity sewers and will probably be less due to the fact that solids are not
transported in the VGS system. OS&M costs for pump stations and force
mains would also be comparable to similar conventional gravity sewer
facilities, although effluent gsepticity may create additional mainte-

nance reguirements.

Variable-Grade Gravity Sewer System Disadvantages

Disadvantages of the VGS system which can be anticipated are simi-
lar to STEP system disadvantages relating to the use of septic tanks to
remove solids from the sewage. These disadvantages include the effects
of effluent septicity resulting in corrosion, odor, and potential traat-
ment problens, The effects of effluent septicity can be mitigated
through the use of corrosion-resistant materials, odor control facili-
ties and by designing treatment facilities to accommodate septic tank
effiuent, However, the vented sewer lines create the likelihood for

odor problems throughout the service area.

Accumulated digested sludge and scum must be removed from individu-
al septic tanks at intervals similar to a typical septic tank and leach
field system. Equipment and facilities to remove and dispose of septage
are necessary components of a VG3 system. The treatment facilities must
be designed to be capable of receiving and processing septage, Direct
1angfill disposal of meptage would be an alternative to treatment pl&nt
processing since, in effect, the sludge will have already been treated.

Another disadvantage of the VGS system is that, even more so than
conventional asewers, its succeasful application is dependent on the
topography of the area to be sewsred. If the topography of the area is
not ideally suited to the VGS system, its advantages over conventional
gravity sewers become less apparent as.sewar size and depth increase.

If many septic tanks require pumps, the capital and O&M cost advantages
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over pressure sewers also diminish, The VGS ayaten definitely does not
have the flexibility of application that pressure sewers have, due to
critical topographical constraints,

As noted above, the communitias Planning VGS projects are gquite
small, even compared to the Los Osos area, The application of VGS
sewers appears to be restricted to very small communities for the fol-

lowing reasons:

° As the flow volume increases with increased population, flow

rate will determine sewer diameter, not solids in the sevage.

° As the flow volume increases with increased population, peak
factors will decrease naturally, thus negating the positive

effects of VGS fiow equalization.

An important negative consideration of the VGS aystem is the risk

involved with investing in a system which has not been proven on a scale
comparable to the CSA No. 9 service area, even though it apparently is

technically feasible. The Mt. Andrew project may not have been exten-
sive enough to adequately agsess the disadvantages of the VGS systen,

Some disadvantages may be revealasd only through long-term operation of

an actual installation.

Variable-Grade Gravity Sewer Conceptual Dasign

A preliminary layout of a VGS system to serve the Los 0Os0s area has
been prepared. For this conceptual lavel design, the layocut of the VGS
system was assumed to correspond to the layout of the conventional
gravity sewer system, Therefore, there are five pump stationa, each
located near the low point of the five drainage basins which do not
drain directly to the treatment facilities and force main interceptors.

& new septic tank with flow equalization chamber would be provided
for each existing user. Future users would be provided with VGS tanks
as development occurred. Without detailed topographical data and a
review of the hydraulic profile of each sewer, it is difficult to esti-
mate accurately the number of on-lot rumping units required with a vGS
system for the service area. Based on a review of available topograph-

ical data and the Preliminary layout of the collection system, a rough
estimate of 1,500 houses will regquire on-lot STEP pump units including
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flow equalization chambers. The design of the pump stations would be
similar to the conventional gravity sewer pump stations, except that the
design flows will be reduced due to the flow equalization and decreased
I/I. Facilities for the control of hydrogen sulfide will be an addi-

tional requirement of VGS pump stations,

During the preparation of the VGS system conceptual design, it was
determined that a VGS system would simply not work in much of the ser-
vice area due to topographical constraints. Many users would reguire

on-lot pump units because they are either below the elevation of the VGS
line or they are below the hydraulic gradient of the VGS line. Because

of the discovery that the VGS gystem could not be used effectively in
much if not most of the service area, further evaluation of the VGS

alternative for the whole service area was considered to be unproductive

and was discontinued. Although the VGS system does not appear to offer

a large-scale solution toc sewering the service area, it could ba imple-
mented on a small scale to minimize costs, Since implementing the VGS
system on a small scale will not significantly impact the sewer syatem
total cost and beacause VGS could be used with any of the other alterna-

tive system, it is not included in the alternative evaluations which

follow,

Variable-Grade Gravity Sewer System Unit Cost

Although the VGS system will not be further evaluated as an alter-
native, a discussion of the costs asszociated with the system is included
herein to provide perspective of the costas of the VGS system in relation
to the other sewer systems. While VGS pipe mizes are small and buried
at shallow depths, pipeline conatruction costa also include the
following:

- pavement saw cutting

° trench excavation

hd pipe bedding and backfill material, placement, and compaction
° water and gas gervice connection repair

® pavement repair and replacement

@ clean-outs

° testing and cleanup
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Purthermore, as noted above, the size and depth of sewers will
increase as population increases and topographical conditions become
more adverse., Assuming an overage VGS unit price of $15.00/LF, rough
capltal cost estimate for a hypothetical VGS system in the LoB Os0s8 area

would be as follows:

° 250,000 LF of sewer at $15.00/LF = $ 3,750,000
° 1,500 on-lot pump units at $2,000/unit = 3,000,000
° 3,500 new VG5 tanks at 51,000/tank = 3,500,000
° Five pump stations (see Table 6.4) = 2,000,000
hd Force main interceptors (see Table 6.4) = 540,000
d Gravity main interceptor (see Table 6.4) = 520,000

o 20% contingency, 15% contractor's overhead

and profit, 20% technical services = 8,700,000
° Total = $22,000,000

The $22 million capital coat is comparable to the costs of the

other alternatives.

COMBINATION SEWER SYSTEM

Combination System Description

The combination system is proposed to provide the least costly
sewage collection system for the Los Osos service area through the use
of two or more of the previously discussed alternative systems. The
system which would be the least costly for any given area within the
service area will be considered for that area. Areas exhiblting good
drainage characteriatics and high denaity, were considered as candidatas
for conventicnal gravity sewers. Variable-grade gravity sewers were
considered for areas with good drainage characteristics but low density
and/oxr high ground water. Areas with difficult topography, small drain-
age basins, low density and/or high groundwater were identified as

candidates for pressure sewers.

Combination System Technical Feasibility

The previous discussions of technical feagibility for each alterna-

tive sewage collection syatem must be Bsupplemented by a discussion of
the feasibility of a combination of collection system types and the com=-

patibility of those types.
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In general, conventional gravity sewers and varjable-grade gravity
sewers should be compatible if the VGS system discharges to a conven~
tional gravity asewer, but not vice versa. Raw sewage in a VGS systenm
would clog the small-diameter, variable-grade sewers. It also may not
be good practice to discharge pressure sewers to a VGS sewer because of
the potential to surcharge the VGS system which may cause backflow to
users connected to the VGS. Therefore, the VGS system is recommended
for use in isolated sub-areas which will not drain other sub-areag with

non-VGS systems and which are topographically suitable for VGS.

Conventional gravity sewers and pressure sewers should be compati-
ble. Conventional gravity sewers may receilve discharge from either STEP
or grinder pump pressure sewers. Sewage pump statione in a conventional
gravity sewer system should be able to pump into a pressure sewer inter-

ceptor if diacharge pipe size is properly selected.

Another compatibillity consideration of a hyhrid sewage collection
syatem is that STEP and VG5 systems transport septic tank effluent while
conventional gravity sewers and grinder pump systems transport raw
sewage. A combination system with both septic tank effluent and raw
sewage would affect treatment facilities design. Measures to mitigate
the effect of septicity of septic tank effluent would be required in
gravity sewers and sewage pump stations receiving STEP or VGS discharges
and would also be required at the treatment facilities.

Pressure sewers have been used successfully in combination with
gravity sewers 1in many of the existing pressure sewer installations.
Pressure sewer dystems are also capable of utilizing a combination of
STEP units and grinder pump units although the two types are usually
segregated into separate systems. One of the VGS projects in Ohio is
proposed to be used in combination with a conventional gravity sewer:
system which will service industrial users {Reference 6.16). Therefore,
within the previously discussed constraints, a combination sewaer system

should prove to be feasible.

Combination System Advantages

The primary advantage and goal of a combination system would be

minimizing costs of the overall collection system. The use of each
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gystem in its most appropriate application should serve to enhance the

inherent advantages of that system and minimize the disadvantages.

Combination System Disadvantages

Due to diveraity of O&M requirements for the various systems, O&M
procedures could be complex and might result in higher costs, Dif-
ferent systems requiring different maintenance procedures and techniques
at various intervals would necessitate coordination. The disadvantages
of one system could caxry over into other systems. An example of disad-
vantageous carry-over would be septic tank effluent septicity frem a
STEP or VGS system affecting the design of a raw sewage pump station.

Another disadvantage of a combination system would be that some

users would require on-lot facilities such as septic tanks and pumps

while other users would require only a sewer lateral.

Combination System Conceptual Design

The combination system was devaeloped as a combination of STEP
pressure severs and conventional gravity sewers. The preliminary layout
of the combination system is shown in Figure 6.6. Pressure sewers were
proposed for those areas which had bsen previously jidentified as having
high coat gravity sewers. The goal of identifying areas for pressure
Bevers was to reduce to the greatest degree possible the amount of high

cost gravity sewers.

Pressure sewers were proposed for the low-lying, relatively flat
area between the 20-foot contour and the shoreline because of high
groundwater and deep gravity severs. The low-lying area of gravity
sewer Basin IV was also designated for pressure pewers bacause of high
groundwater and deep gravity sewers. The southern portion of Baywood
Park also employs pressure sewers in the combination sewer system to’
overcome deep gravity sewers resulting from the undulating terrain of
this area. The Creekside area has pressure sewers because this is an
isolated drainage basin with high groundwater and low density develop-
ment. Based on the cost estimates for the alternative pPressure sewer
system given in Tables 6,9, 6.10, and 6.1%, a sytem utilizing one STEP
unit to serve two users with the unit located on one of the user's

broperty was selected.
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In general, the remainder of the combination system consists of
gravity sewers. Although not specifically considered, VGS sewers could
be used in the combination system in those arsas where they would be
cost effective. Six pump stations are provided to transmit the flow to
a point where it can flow by gravity to the treatment facilities. The
alignment of the gravity main interceptor, the force main interceptor,
and the location of pump stations generally correspond to that of the
conventional gravity systen, One of the conventional gravity system
pump stations is eliminated in the combination system but two additional
stations are réquired. The additional pump stations are necessary
because the pressure sewers isolate gravity sewer areas, Pressure

severs discharge either to gravity sewers or to a pump station.

Design criteria foxr gravity sewers are given in Table 6.2. Design

criteria for pressure seswers are given in Table 6.7. Design criteria

for the combination system pump stations are given in Table 6.13. A
summary of the combination sewer system components and a cost estimate

for the system are given in Table 6.14.

TABLE 6.13

COMBINATION SEWER SYSTEM = PUMP STATION PRELIMINARY DESIGN CRITERIA

Tota1®
Pump Design HP Pump Standby Speed Odor
Station PWWF TDH Regd. Type Power Control Control

mgd gpm (ft)

1 1.0 700 160 40 dry pit permanent variable yes
2 1.0 700 140 35 dry pit permanent variable yes
3 1.3 900 120 40 dry pit permanent variable yes
4 1.1 760 90 25 dry pit permanant variable yes
5 .5 350 110 15 submeraible portable constant no
6 0.4 280 110 10 submersible portable constant no

aAssuming 70 percent overall pump efficiency.
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TABLE 6.14

COMBINATION SEWER SYSTEM -~ PRELIMINARY CAPITAL COST ESTIMATE

Item Quantity Unit Cost Total Cosat
{s) (s)

Gravity Sewars

Other Technical Servicas (12%}a 2,183,000

TOTAL 21,978,000

aIm:lm'les engineering, legal, financilal, and administrative sarvices.
NOTE: ENR CCI 5180
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l 6-inch diameter 129,000 1f 25.00/1fF 3,225,000
8-inch diameter 18,000 1f 26,00/1£f 468,000
l 10~inch diameter 7,000 1f 26.00/1f 182,000
Pressure Sewers
3=-inch diameter 87,000 1f 16.00/1% 1,392,000
2 | 4-inch diameter 2,000 1f 17.00/1£ 34,000
6-inch diameter 2,000 1f 21,00/1f 42,000
8-inch diameter 7,000 1f 23.00/1f% 161,000
Force Main Interceptors
\ 6=-inch diameter 1,100 1f 21,00/1f 23,000
B-inch diameter 2,900 if 23,00/1F 67,000
. 12-inch diameter 3,800 1f 33.00/1¢ 125,000
" 16-inch diameter 5,800 if 39.00/1f 226,000
Gravity Interceptor
. 18-inch diameter 8,700 1f 55.00/1f 479,000
. Pump Station No. 1 - - 400,000
Pump Station No. 2 - - 400,000
| Pump Station No. 3 - - 400,000
|' Pump Station No, 4 - - 300,000
Pump Station No, 5 - - 150,000
Pump Station No, 6 - - 150,000
' Cluster System Pump Stations 3 50,000 ea 150,000
Gravity Sewer Laterals
4-inch diameter 174,000 1f 15.00/1% 2,610,000
l On-Lot Pump Facilities 1,100 2,000 ea 2,200,000
SUBTOTAL 13,184,000
: Contingency (20%) 2,637,000
' SUBTOTAL : 15,821,000
Contractor's Ovarhead & Profit (15%) 2,373,000
SUBTOTAL (Construction Costs) 18,194,000
.- Technical Services
Basic Design Services (5.8%) 1,055,000
Right-of-Way Easement Acquisition Services (3%) 546,000




Combination Sewer System Unit Costs

Unit costs for the combination Bewer system were taken from the
conventional and preasure sewer system unit costs.. As with the conven-
tional gravity sewer Bystem, gravity sewer unit costs ware based on the
quantity of high cost and low cost 8ewers. Pump station cost estimates
were derived on the same basis as the conventional and pressure sewer

pump station cost estimates,

Combination System Operation and Maintenance

Operation and maintenance activities for the combination system

include gravity sewer cleaning, pressure sewer maintenance, pump station
operation and maintenance, and STEP on-lot facilities operation and
maintenance, The same asssumptions regarding O&M for the conventional

and pressure sewer systems apply to the combination systen.

Table 6.15 shows the estimated annual O&M costs for the first year
of operation. For the purposes of this study, it was assumed that two
workers with a high Pressure sewer cleaner would be responsible for
gravity sewer and Praessure sgewer maintenance. A separate two-person
crew would be responsible for pump station and on=l1lot facilities mainte-
nance, A fifth workexr with a pumper truck would be responsible for
pumping septage from STEP interceptor tanks.

TABLE 6.15

COMBINATION SEWER SYSTEM
ESTIMATED FIRST YEAR O&M COSTS

Item Egtimated Cost

Labor - 5 employess at $30,000/year $150,000

Materialns 25,000
Energy

Pump Stations 1 thru 6 19,000

STEP units 6,000

TOTAL $200,000
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PRESENT-WORTH ANALYSIS

A present-worth analysis was performed for the conventional gravity
séwer, pressure sewer, and conventional sewer and pressure sawer combi-
nation alternatives. Results of the present-worth analyses are pre-
sented in Tables 6.16 through 6.20. Present worth for each alternative
was developed based on a 20~year period and a discount rate of 8-3/8

percent. All project costs within the 20-year study period were
considered,

Capital Costs

Capital costs for each alternative were developed previously in
this chapter and are shown in Tables 6.5, 6.9, 6.10, 6,11, and 6.14.
Capital costs include construction, engineering, legal, financial and
administrative costs necessary to implement the project and were assumed
to occur at year zero. Capital costs are based on an ENR Construction
Cost Index of 5180, which is an average of the May 1985 CCI for Los
Angeles and San Francisco, Deferred capital costs for the pressure
sewer and combination sewer systems represent the cost of future STEP
on-lot pump units required to accommodate future development of existing
lots. Capital costs for future on-lot facilities were estimated based
on a 2 percent annual growth rate over the 20~year pericd. The 20
percent allowance for technical services is not included in the capital

cost for future on-lot facilities,
TABLE 6.16

CONVENTIONAL GRAVITY SEWER SYSTEM
PRESENT WORTH ANALYSIS SUMMARY

Item Present Worth
Capital Cost (ENR CCI 5180) 524,619,000
Operation and Majintenance
Labor 1,146,000
Materials 339,000
Energy 315,000
SUBTOTAL $26,419,000
Salvage Value (2,000,000)
TOTAL Present Worth $24,419,000
6-54
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TABLE 6.17

PRESSURE SEWER SYSTEM -~ PRESENT WORTH ANALYSIS SUMMARY
ON-LOT FACILITIES ALTERNATIVE A - ONE UNIT PER USER

Itenm Present Worth

Capital Cost (ENR CCI 5180) $23,431,000
Deferred Capital Costs 3,292,000

Operation and Maintenance

Labor a 2,006,000
Materials 653,000
Energy 263,000
Treatment Facilities Cost Credit (300,000)
SUBTOTAL $29,345,000
Salvage Value (1,605,0002
TOTAL Present Worth $27,740,000

aIncludes replacement costs for pump units which fail prior to expira-
tion of useful 1life.
TABLE 6.18

PRESSURE SEWER SYSTEM - PRESENT WORTH ANALYSIS SUMMARY
ON~-LOT FACILITIES ALTERNATIVE B - ONE UNIT PER TWO USERS

Item Prasent Worth

Capital Cost (ENR CCI 5180) $16,365,000
Deferred Capital Costs 1,646,000

Operation and Maintenance

Labor a 1,719,000
Materials 496,000
Energy 263,000
Pump Replacement (after useful life) 550,000
Treatment Facilities Cost Credit {300,000)
SUBTOTAL $20,739,000
Salvage Value (1,171,000)
TOTAL Present Worth $19,568,000

aIncludes replacement costs for pump units which fail prior to expira-
tion of useful 1life.
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TABLE 6.19

PRESSURE SEWER SYSTEM ~ PRESENT WORTH ANALYSIS SUMMARY
ON-LOT FACILITIES ALTERNATIVE C - ONE UNIT IN R/W PER TWO USERS

Item Present Worth

Capital Cost (ENR CCI 5180) $23,670,000
Deferred Capita) Costs 1,646,000

Operation and Maintenance

Labor a 1,719,000
Materials 496,000
Enargy 263,000
Pump Replacement (after useful life) 550,000
Treatment Facilitieg Cost Credit (300.000)
SUBTOTAL $28,044,000

Salvage Value _114§£2¢2221
TOTAL Present Worth $26,422,000

TABLE 6.20

COMBINATION SEWER SYSTEM
PRESENT WORTH ANALYSIS SUMMARY

Itenm Present Worth

Capital Cost (ENR cCI 5180) $21,978,000
Deferred Capital Costg 673,000

Operation and Maintenance

Labor a 1,433,000
Materijalg 516,000
Energy 400,000
Pump Replacement (after useful life) 279,000
Treatment Facilities cost Credit {100,000)
SUBTOTAL 525,179,000
Salvage Value (1.678,000)
TOTAL Present Worth $23,501,000

aIncludes replacemant costs for pump units which fail prior to expira-
tion of useful life,
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Operation and Maintenance Costs

Operation and maintenance costs were divided into labor, materials,
energy and replacement costs. Labor requirements were developed pre-
viously in thig chapter. Labor costs are estimated based on a total
cost of $30,000 per year per worker. A common baze cost for materials
and supplies of 525,000 per Year was assumed for all alternatives.
Additional materialg costs for the pressure sewer and combination sewer
8ystems were included to account for repalr of on-lot bumps at a failure
rate of 2 percent a year except during the first 5 years when it was
assumed that the pumpe would be warranted, -Materials cost also includes

initial capital costs for maintenance vehicles,

Ene rgy Costs

Energy costs for Sewage pumping were estimated based on initial
requirements escalated at 2 percent a Year to correspond to the pro-~
Jected population growth rate over the 20-year period. {This rate ig
less than the Year 2000 2.4 percent growth projection due to the longar
time span.) The unit cost used to estimate snergy costs was $0,08/kWh.
The energy unit cost was also escalated at an annual rate of 4 percent
to account for future increases in the cost of energy. Initial enargy
¢oats were provided in Tables 6.6, 6.12, and 6.15. Energy costs include
energy for main line punp stations and STEP on-lot units. Grinder punp
on-lot energy costs would be higher than sTED units,

Replacement Cogts

Replacement costg for STEP on-lot pumps after expiration of their
useful are included in the present worth of the pressure sewer and com-
bination sewer alternatives, A useful life of 20 years was assumed for
4 typical STEp pump serving one wuger. Howaver, for puaps which must
Berve two users, a life span of 10 vears wasg assumed, thereby resulting
in replacement requirements within the 20-year study period. Replace-
ment coets were estimated based on a STEP pump cost of $500 per wunit,
(Replacement wunit cost for a grinder pump would be higher than for a
STEP unit.) Replacement costs for pumps serving two ugers therefore
occur in year 10 and Year 20. Replacement costa for 10-year lifespan

bumps also occur in years 11 through 19 to account for future op-lot
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units installed in years 1 through 10 assuming an annual growth rate of

2 percent.

Treatment Facilities Cost Cradit

As previously discussed in this chapter, the use of pressure sewers
will reduce flow and load requirements and, therefore, costs at the
treatment facilities. Reduced treatment costs are a result of reduced
flow due to the lack of I/I in pressure sewaers and reduced BOD and
suspended solids loads of septic tank affluent, While some of the
reduced costs will be offsget by costs of odor and corrosion control
associated with effluent septicity and by requirements for septage
receiving facilities, alternative sewer systems which utilize pressure
sewers are due a cost credit assoclated with cost reduction at the

treatment facilities.

The treatment facilitles cost credit is the difference between the
cost of the facilities without the use of Pressure sewers and the cost
of the facilities with the use of pressure sewers, The cost of the
treatment facjilities with a pressure sewer collection syster wazs esti-
mated by applying a cost-reduction factor determined as the ratioc of the
design flow with pressure sewers and the design flow without pressure
sewars to the two-thirds power. The cost-reduction factor was applied
only to those process units affected by a reduction in flow or load.
This method of calculating the savings associated with reduced I/I has
baen proven accurate in I/I reduction cost-effectiveneas studies which
ES has performed, particularly studies for the Monterey Regional Water
Pollution Control Agency (Reference 6.16)., Additional treatment costs
agsociated with the use of pressure sewers, including odor control,
corrosion control, and geptage receiving, were then added to the cost of
the treatment facilities for a presgure sewer gystem, The difference
between the treatment facilities cost with conventional gravity sewers
and with pressure sewers is shown as a cost credit in the present worth

summary.

Salvage Value

Salvage value of all facilities was considered baged on a linear

depreciation of the facility construction cost over its useful lifespan.
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or "impliedw salvage value, at the end of the study period.

The assumed useful life of ail pipelines, interceptor tanks, ang
pump station structures wag assumed to be 40 years. The useful life of
mechanical equipment in pump stations and STEP Pump units was assumed to
be 20 years, It waz assumed that the initial conatruction cost of
mechanical equipment in the pump station and sTEP units was 25 percent
of the total pump station construction cost. Costs for mechanical
equipment having a shorter useful life span than 20 years are considered

48 replacement costs if replacement ig required during the 20-year
period as dicuased above,

Discussion
———=_Jsion

Table 6.21 summarizes the total present worth of the alternative
8ystems., Table 6.21 reveals that the Pressure sawer 8ystem Alternative
B, which proposes one on-lot unit per two users, has the lowast present
worth. 1In aptte of O&M coste nearly twice ag high as the conventional
gravity sewer alternative, subatantial capital cost savings allow thig
Pressure sewer alternative present worth to be about 20 percent lass
than the conventional alternative.

Howaever, it should be made clear that the pressure sewer savings
was realized only through the asgunption that two homes would share a
single on-lot Pump unit, the feasibility of which is discugsed in the
following section. 1If an on-lot pump unit ig provided for each user
{(Alternative A), the capital costs alone, including fnitial and de-
ferred, would be over $26 million which is approximately $2 million
greater than the conventional system total present worth, O&M costs
would also be 8xpacted to rige if one STEP unit is assumed for each
user. Costs associated with placing the Pressure ayaten panp units in
the County right-of-way (Alternative C) eliminate the capital cost

saving advantage of the Preassure sewer saysten,
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TABLE 6.21

ALTERNATIVE TOTAL PRESENT WORTH SUMMARY

Total Percent of
Alternative System Present Worth Conventional
(51,000) (%)
Conventional Gravity Sewers 24,419 100
Prassure Sewvers
Alternative A - one unit per user 27,740 114
Alternative B - one unit per
two users 19,568 a0
Alternative C - one unit in :
R/W per two users 26,422 108
Combination System 23,501 926

While the combination pressure sewér/gravity sawer system has a
lower present worth than the conventional gravity sewer system, the
combination system did not achisve the major cost reduction expected by
eliminating troublesome gravity sewer sections. Instead, the present
worth of the combination system is betwsen the present worth of the
pressure sewer system and gravity sewer system in rough proportion to

the percantage of each.

Energy costs for the pressure sewer alternatives are less than for
the conventional system, This ia due to the fact that elevation head is
preserved in the pressure system while sewage in the conventional system
flows to the lowest point in the drainage basin before pumping occurs.
Also in the conventional system, sewage from Basin III is pumped into
Basin II where 1t is again pumped intoc the main interceptor,

QUALITATIVE ANALYSIS

The advantages and disadvantages of each alternative sewer system
are discussed in detail throughout this chapter. In general, the con-
ventional system coets more to build but is easier to maintain, while

the alternative systems cost less to build and more to maintain and have
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a higher potential for future operational problems. If a substantial
cost savings is to be realized through the use of alternative sewer ByS~-

tems, users must be willing to live with increased inconvenlences.

Since it has been determined that a pressure sewer system will not
be cost effective unless one on-lot pump unit is shared between two
users, the public acceptability of the shared pump unit concept must be
evaluated prior to serious consideration of the pressure sewer alterna-
tive, Several issues arige when the sharing of on-lot facilities is
considered. Given a choice, most homeowners may prefer not to have a
pump unit on their lot, especially when thelr neighbor does not have
one, A method would have to be devised to compensate the homeowner with
the on«lot unit for actual or perceived expenses associated with elec-
trical power consumption of the unit (power supply will be from the
house electrical connection), granting of easement for the unit, pos-
sible decreased property values, easement for the neighbor's conhection,
failure 1light monitoring responsibility and so forth. Compensation
could be in the form of a two-tier assessment, a lower assessment for
those lots with a pump unit and a higher assessment for those lots
without a pump unit. The administrative problem of determining who gets

an on-lot unit must be resolvad.

Another consideration of the use of alternative collection systens
is that no alternative system has been proposed for a community of the
8ize and density of population of CSA No. 9. Of c¢ourse, the fact that
alternative systems have not been used for communities the size of CSA
No. 9 does not mean that they can not be used; however, it does seem to
indicate that alternative systems generally have been considered feasi-

ble for only small rural communities,

CONCLUSIONS AND RECOMMENDATIONS

This study has determined that a pressure sewer syatem with one
on~lot unit per two users should be less coatly than a conventional
gravity sewer syatem. However, there are significant uncertainties
agssociated with the implementation of a pressure sewer system which are
difficult to quantify in terms of cost. These uncertainties include the
potential for maintenance costs to be higher than anticipated (as with
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the Ventura County systems), the ability to succesafully implement a
pressure system of the scale proposed, administration of on-lot pump

unit location and maintenance, and public acceptabillity.

With these uncertainties come risks not associated with a conven-
tional system. In those communities where pressure sewers have been
selected over conventional sewers for new sBewer systems, the costs
savings have clearly justified the additional risk. The cost of a
conventional system was typically at least several times as costly as
the alternative pressure sewer system in most of these cases. Increased
federal funding from Innovative and Alternative System grant monies was
provided for all of these projects and thus added an additional fin-
ancial incentive to counter the uncertainties of a pressure sewer Bsys-
tem. The possibility of obtaining Innovative and Alternative funding
for this project is presently unknown.

It is therefore concluded that the cost savings afforded by a
pressure sewer system with one on-lot pump unit per two users do not
justify the uncertainties associated with such a system for this par-
ticular application. A conventional gravity sewer asystem with limited
use of preasure sewers in the most troublesome areas i3 the recommended
sewage collection system for this project, Alternative sewer systems
cannot provide coat benefits of a conclusive magnitude over a conven-
tional system, primarily because of the high population density and
relatively large population of the service area and because most of the

terrain of the service area is conducive to a gravity sewer system.

The use of one gravity sewer lateral to serve two users where topo-
graphically appropriate could reduce the cost of the conventional system
to a level comparable to the presaure sewer system. The actual cost
implications of this arrangement can be evaluated during firal design'
when it will be possible to quantify cost savings basad on the actual
number of locations where it would be possible to use one lateral for

two users,
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CHAPTER 7

EVALUATION OF ALTERNATIVE TREATMENT SYSTEMS

SITE LOCATION

The Los 080s Wastewater Treatment Facility will be located at the
Turri Road site recommended in the "Los Osos-Baywood Park Phase II
Facilities Planning Study” (Reference 7.1). As shown on Figure 6.1, the
Bite lies approximately one mile from the nearest residential area, on
the east side of Baywood Park. The gite is currently undeveloped except
for partial use as pasture,. Prevailing winds are primarily from the
weat and northwest, and thus, if occasional treatment plant odors exist,
they will be directed away from residential areas. At elevation 20
m.s.1,, the site is guitable to receive gravity flow from the collection
system, thus eliminating the need for a Faw asewage pump station to 1lift
flow to the treatment Plant., The site borders the 100-year flood plain
of Los Osos Creek, as noted on the 1965 USGS "Map of Flood Prone Areas"

(Reference 7.2). Some flood protection may be required.

TREATMENT ALTERNATIVE EVALUATION CRITERIA

To determine the treatment Proceas most suitable for Los Osos, each
alternative was evaluated with respect to environmental-impact, feasi-
bility and performance factors, labor, chemicals and energy cosat, con-
Btruction cost, and total present worth, All processes, of course, must
be designed to achieve consistently the discharge requirements set forth
in Chapter 4.

Cost Analysis

The cost analysis provides for a consistent and systematic com-

parison of alternatives in order to identify the alternative which will
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result in the lowest total costs over a twenty=year period, while meet-
ing the gpecified goals and objectives. The most cost-effective alter-
native is the waste treatment/management system determined from the
analysis to have the loweat 20-year present worth cost without overrid-

ing environmental and/or social impacts.

Capital and operations and maintenance {(0&M) costs were obtained
from the EPA publications "Construction Costs for Municipal Wastewater
Treatment Plants: 1973-1982" and "Innovative and Alternative Technology
Agsessment Manual" (February 1980) and adjusted basad on previous
Engineering-Science projects. These costs are updated to May 1985
deollars. The ENR Construction Cost Index of 5180 used is an average of
the San Francisco and Los Angeles May 1985 indices. Costs for secondary
treatment and nitrogen removal for Alternatives 1 and 2 are based on

systenr quotations and preliminary quantities of concrete, earthwork and

other materials, priced according to Engineering-Scilence experience.

The cost analysis for the screening of alternatives is hased on the

following criteria:
e Annual rate on capital of 8-3/8 percent,
° Cost evaluation period of 20-years.

e Capital costs are developed for comparative purposes based on
construction costs for May 1985 (ENR CCI 5180).

. Selaction of the cost-effective alternative based on capital

conatruction costs plus present worth of operation and main-

tenance {Q&M) coats over a twenty-year period.

The cost estimates presented are order of magnitude level estimates
sultable for comparison of alternatives and are not adequate for detail=-
ed financial planning in accordance with the authorized lavel of effort
for this Phase I study.

DESCRIPTION OF ALTERNATIVES

General

Three alternatives for nitrogen removal will be evaluated herein:
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® Continuous Loop Reactor

e Sequencing Batch Reactors

° Physical-Chemical Treatment

Each process will be described subsequently., The firat two alternatives

are bicological and have the following common unit operations:

° Headworks {acreening, grit removal, Parshall flume, grit remov-
al, and septage receiving)

® Sludge drying beds

° Tertiary treatment facilities

° Operations facilitiss

The physical-chemical proceas is completely different and non-biological

and is therefore evaluated separately,

Alternative . Continuous Loop Reactor

Plant infiuent flows through a hechanically cleanad bar screen and
Parshall flume to a grit removal tank. Septage is received separately
and is sacreened before entering the same pretreatment faciiities., The

screenings and grit removed are trucked to a local landfill.

The screened and degritted wastewater enters a continuous loop
reactor (CLR) {also known as an oxidation ditch) consisting of three or
four connected concentric loops. Rotating discs or asimilar aeration
devices provide oxygen needed for bioclogical oxidation and nitrification
as well as energy needed to circulate the flow. The CLR, operating in
the extended aeration mode of the activated sludge process, removes
nitrogen and biochemical oxygen demand (BOD5) while simultaneously
stabilizing solids. The CLR exposes the wastewater to a series of
aerobic and anoxic cycles {(aerated and non-aerated} to convert ammonia
to nitrogen gas. Following the CLR, two ldentical secondary clarifiers

separate liquid and solids.

Tertiary treatment consists of flocculation and filtration to
remove sacondary effluent solids. The chemicals that will 1ikely be
used are alum (aluminum sulfate) and polymer {pclyelectrolyte coagulant
aid). Disinfection at a chlorine contact tank to reduce bacteria and
viruses to the required discharge standard is followed by dechlorination

with sulfur dioxide and effluent pumping to off-site disposal,
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Waste activated sludge is dewatered at sludge drying beds, Sludge
digestion is not necessary due to the stabilization achieved in the CLR.
During wet weather, sludge will be diverted to a sludge lagoon and held
until appropriate weather for drying is available,. The dried sludge
soilds could be made available to local residents as a soil amandment;
however, some analyses of the actual s8ludge produced would probably be
required by regulatory agencies before allowing the general public to
reuse the sludge. For Planning purposes, it is assumed that all s8ludge
will be trucked to a landfill.

The process flow diagram for Alternative 1 is shown in Figure 7.1.

Proprietary Process Considerations

A review of the following centinuous loop reactor processes was

conducted to select one appropriate for Los .0Osos (Reference 7.3):

M Carrousels using vertical gurface aerators,

° Jet aeration channels using Jet aerators,

° Orbal systems using rotor-mounted perforated disks,

b Singie loop plantz using brush or cage aerators,

° Barrier ditches using submerged or surface turbine and draft
tubes, and

o Bardenpho system with anoxic tanks before and after the CLR,.

The orbal proceass, a proprietary CLR process of Envirex, Inc., was

selected for consideration in this preliminary study. Other CLR pro-
casses could also be appropriate for Los 0308, and CLR process selection

does not affect the comparison of Alternatives 1, 2, and 3,

Alternative 2. Seguencing Batch Reactors

Plant influent flows through a mechanically cleaned bar screen and
Parshall flume to a grit removal tank. Septage is received separately
and is screenad before entering the same pretreatment facilities, The

screenings and grit removed are trucked to a local landfill.

The sequencing batch reactor {SBR) process consists of parallel
batch activated Bludge systems operating in the extended aeration mode.
SBRs achieve biological oxidation, nitrogen removal, solids stabiliza-

tion, and solids separation all in the same tank, although multiple
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tanks are used, depending on the flow. These processes occur in each
SBR tank during successive f£ill, react, anoxic mix, settle, and draw
operating modes as shown in Figure 7.2. SBRs have considerable flexi-
bility in that mixing time, aeration time, and time in each operating
mode are easily adjusted to optimize performance. Operating modes, such
as fill and react or anoxic mix and settle, may be combined to shorten
total batch time. Aeration is achieved by jet aeration or coarse bubble
diffusion equipment.

Although SER technology is relatively new in the Unitad States,
over 35 plants are operating successfully in Australia and Japan, some
since 1976. The first SBR facility in the U.S, started operation in
1980 and at least 20 others are now either operating or under construc-
tion. The batch activated sludge process used in SBRs has been used,

under various names, for about 70 years (Reference 7.4}.

In Alternative 2, the SBR system replaces the CLR and secondary
clarifiers used in Alternative ¥; all other elements of the flow stream
remain unchanged, The process flow diagram for Alternative 2 is shown

in Figure 7.3.

Proprietary Process Considerations

Several manufacturersz hold U.S. patents for variations of the SBER
process. These include the SBR system of the Fluidyne Corporation and
the Intermittent Cycle Extended Aeration System (ICEAS) of Austgen
Bio-jet Wastewater Systens, Inc,

Alternative 3, Physical-Chemical Treatmsnt

Physical-Chemical Treatment Processes

Plant influent flows through a mechanically cleaned bar scresn and
Parshall flume to a grit removal tank, Septage is received separately
and is screened before entering the same pretreatment facilities, The

screenings and grit removed are trucked to a local landfill.

The screened and degritted wastewater then flows to one of several
alternative chemical and physical pollutant-removing unit operations.

The first step in all these processes is high dose chemical coagulation
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FIGURE 7.2

SBR CYCLE PER REACTOR

TIME PERIOD 1  TIME PERIOD 2 TIME PERIOD 3

( START TIME PERIOD
1 FOR NEXT REACTOR)

INFLUENT
0 5 © e ° o
]
s °© . ° o
i e
) ]
o o @
&
] L] ¢
0
/ + o o 0 / /
e PO
2 e s *° lo. . [ B a
¢ 9 ° o @ o 0 Q
FiLL REACT ANOXIC MIX
AlR: ON,OFF, OR INTERMITTENT AIR: ON AlIR: OFF
Mix: " " MIX : ON MIX : ON

TIME PERIOD 4 TIME PERIOD S TIME PERIOD 6

CLARIFIED ‘
EFFLUENT

SETTLE DRAW IDLE *
AIR: OFF AIR : OFF AIR: ON, OFF OR INTERMITTENT
MIX: OFF MIX : OFF mix: " "

%

RETURN TO TIME PERIOD 1
WHEN INFLUENT FLOW
AVAILABLE .

ENGINEERING-SCIENCE, INC.




34IX010
yN4Ins

FIGURE 7.3

a34iND3Y 39 LON AVKN

—| -4 HSYMMOVE

H3AWVHD
] XIN
Qidvy
oL SHIGWVHD

LIYLNOD -—

INIBOTHD ~ SH3LI4 N ONILLYIND004

ANIHOTIHD r HINA0d
ANV

*.II,J.II,J.J%A
_
_

%

SHOLIVEY
HJLlva
ONION3NO3S

!

r ¢

394aNIs
a3ilHa

4 * NOOOVT | M
BANTs |
- |
|
/) sa: [\
ONIAHQ
| | 39an7s |
s |

y

THaNY T

* ) oL

NOILVIS ft————

_ ONIAIZOEY 39VLd3$
39143
_ LI -wvaonax
1189
_Plbul INM4
o TIVHS¥Vd
N3NNI N3349S ¥vE

IVIINVHOIW N3NNI

1INV Id

SHYOMAYIH

(s4ES) SHOLOV3Y IU...<W ONION3NDIS "2 3AILVNY3LIV INIWIVIHL
WVHOVIA MO1d4 SS3004d

e —————

ENGINEERING-SCIENCE, INC.

i




and precipitation (clarification). The chemical cocagulation and preci~
pitation procesa removes BOD and suspended sgolids, but is not sufficient

to achieve the required discharge levels of 10-10 mg/l BOD_-suspended

5
solids, or ammonia removal. The flow must be subseguently treated by
filtration and activated carbon adsorption (considered herein) or,
alternatively, preceded by filtration and/or a biclogical process (not

considered herein).

Non-bliological methods of removing nitrogen from wastewater include

the following:
1. Breakpoint chlorination,
2. Ammonia removal by selective ion axchange, and
3. Ammonia stripping.

The first method, breakpoint chlorination, wuses superchlorination
to oxidize ammonia nitrogen to nitrogen gas. At first, the chlorine
oxidizes any xreadily oxidizable organic matter, after which the
chlorine-ammonia reaction takes place, ultimately producing nitregan gas
and hydrochloric acid. The acidity produced by the reaction must be
neutralized by lime addition, resulting in the need for subsequent
solids handling. Dechlorination is required to reduce the toxicity of
the effluent, Breakpoint chlorination involves substantial operating
expenses for chemical additions and lime sludge handling. It is effec-

tive when a near-zero effluent nitrogen level 1s required.

The second method, ammonia removal by ion exchange, utilizes the
high selectivity of certain ion exchange materials for the ammonia ion.
Clinoptilolite, a naturally occurring zeolite, has been used for this
purpose. Drawbacks of the ion exchange gystem include its high capital
ccst as compared with the other two systems and problems in handling
regeneration backflow (five percent of the flow) which may contain 300

mg/l ammonia,

The third method, ammonia stripping, uses a desorption process in
which ammonia gae dissclved in the wastewater is stripped by air. The
process basically consists of bringing amall drops of wastewater in
contact with large amounts of air so that, by reducing the partial

pressure, ammonia gas is forced to leave the water phase and enter the

254/9 7/30/85



air. To be stripped, ammonia must be in its un-ionized molecular form,

NH3, rather than in its ionic form, NH This is accomplished by

+
4"
adding lime to raise the pH of the wastewater to between 10 and 11.
Lime also coagulates and precipitates other sewage components, including
phosphate. After the ammonia stripping phase, the pH is readjusted to
neutral by addition of carbon dioxide gas. Drawbacks of ammonia strip-
ping include cost of chemicals, scaling problems, and lime sludge hand-

ling.

Selection of the Physical-Chemical Process for Alternative 3

Effluent requirements and cost data indicate that the most suitable
phyaical-chemical process for Los Osos consists of pretreatment, chemi-
cal addition, coagulation and clarification; ammonia stripping, filtra-
tion, and activated carbon adsorption. The process flow diagram for

Alternative 3 is shown in Figure 7.4.

EVALUATION OF ALTERNATIVES

Preliminhry capltal cost sstimates were developed for each of the
alternativea and are presented in Tables 7.1, 7.2 and 7.3. A summary of
the economic analysis is presented in Table 7.4. The evaluation of

alternatives is summarized as follows:

° There are no apparent ovarriding adverse environmental impacts

prasent for any of the alternatives.

. All three of the selected alternatives can meet the effluent

quality requirements,

e SBR8 have the lowest land reguirements of the alternatives

considered.

M SBRs have the highest operatiocnal flexibility of the three
alternatives. The SBR process allows greater control over the

nitrification and denitrification process than the CLR.

° The CLR process has a good record for reliability of secondary
treatment, based on numerous U.S. facilities. The SBRs also
have a good record for reliability of secondary treatment, but
this is based on a limited data base available from the few SBR

7=10
254/9 7/30/85
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TABLE 7.1

PRELIMINARY CONSTRUCTION COST ESTIMATE
ALTERNATIVE 1. <CONTINUOUS LOOP REACTOR

Estimated
Item Description Cost a
(1985 $)
1. Headworks. Mechanical bar screen, manual 160,000
bar screen, Parshall flume, grit removal tank,
and septage receiving station,
2. Secondary Treatment and Nitrogen Removal. 1,480,000
CLR, 2 secondary clarifiers, flow
equalization, and assocliated pumps, valves,
piping, and controls.
3. Tertiary Treatment. Rapid mix and flocculation 1,660,000
chambers, filters and spent backwash facilities,
chlorination and chlorine contact tank,
dechlorination.
4. Ancillary Facilities, Yard piping, electrical 1,130,000

and instrumentation, control bullding, and
laboratory.

5. Sludge Disposal. Sludge lagoon and drying beds.

SUBTOTAL
Contingency (20%)}
SUBTOTAL

Contractor's Overhead and Profit (15%)

300,000

4,730,000

950,000

5,680,000

850,000

SUBTOTAL (Construction Costs) 6,530,000
Technical Services: Legal, Administration, Surveying,
Geotechnical and Engineering (20%) 1,310,000

Land Costsb

60,000

TOTAL 7,900,000
3ENR 5180.
Reference 7.1.
T-12
254/9 4/25/86




TABLE 7.2

PRELIMINARY CONSTRUCTION COST ESTIMATE
ALTERNATIVE 2. SEQUENCING BATCH REACTORS

Estimated
Item Description Cost a
(1985 §)
1. Headworks. Mechanical bar screen, manual 160,000
bar screen, Parshall flume, grit removal tank,
and septage receiving gtation,
2. Secondary Treatment and Nitrogen Removal. 1,260,00
SBRs, and associated pumps, piping, valves,
and controls,.
3. Tertiary Treatment. Rapid mix and flocculation 1,660,000
chambaers, filters and spent backwash facilities,
chlorination and chlorine contact tank,
dechlorination.
4. Ancillary Facilities., Yard piping, electrical 1,130,000
and Instrumentation, control building, and
laboratory.
5. Bludge Disposal. Sludge lagoon and drying beds. 300,000
SUBTOTAL 4,520,000
Contingency (20%) 900,000
SUBTOTAL 5,420,000
Contractor's Overhead and Profit (15%) 810,000
SUBTOTAL (Construction Costa) 6,230,000
Taechnical Services: Legal, Administration, Geotechnical,
Surveying, and Engineering (20%) 1,250,000
Land Costb 60,000
TOTAIL 7,540,000
“eNR 5180,
Reference 7.1.
7-13 :
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TABLE 7.3
' PRELIMINARY CONSTRUCTION COST ESTIMATE
ALTERNATIVE 3. PHYSICAL-CHEMICAL TREATMENT
l Estimated
l1tem Description Cost a
' (1985 3)
1. Headworks. Mechanical bar acreen, manual 160,000
l bar screen, Parshall flume, grit removal tank,
and septage receiving gtation,
2, Independent Physical-Chemical Treatment. 3,840,000
Chemical addition, coagulation and clarification,
filtration, activated carbon adsorption, chlorination,
' gludge thickening and dewatering.
3. Ammonia Stripping 870,000
4. Ancillary Facilities, 1,480,000
Piping, electrical, jinstrumentation, site
preparation, control bullding and laboratory.
l SURTOTAL 6,350,000
Contingency (20%) 1,270,000
' SUBTOTAL 7,620,000
l Contractor's Overhaad and Profit (15%) 1,140,000
SUBTOTAIL (Construction Costs) ’ 8,760,000
Technical Services: Legal, Administration, Geotechnical,
Surveying, and Engineering (20%) 1,750,000
Land costb 60,000
l TOTAL 10,570,000
l ;ENR 5180,
Reference 7.1.
7=14
l 254/9 5/2/86




TABLE 7.4

ALTERNATIVE TREATMENT METHODS
RANKING OF ALTERNATIVES

Alternative
Iten CLR SBRs Physical-Chem,

Personnel Required® 4 4 8
Annual Energy Costs ($'l,000)b 140 140 220
Other O & M Costs ($1,000)° 105 105 1,880
Capital Cost ($1,000)d 7,900 7,540 10,570
Present Worth ofeTotal C &M

Costs (51,000} 2,870 2,870 18,780
Total Presgn% Worth

(s1,000)° 10,770 10,410 29,350

:Number of full-time personnel required.

Coats assume $0.08 per kwh.

1985 costs for personnel, materials and other 0 & M costz, not includ-
ing energy.

Itemizations of capital costs for each alternative are presented in
e‘I‘ables 7.1, 7.2, and 7.3.

Present worth assuming 4% esclation of energy costs.

Capital cost plus present worth of O & M costs, including energy.

254/9

Plants now operating in the U.S. plus data on overseas plants.
Although both processes have the rotential to nitrify and
denitrify, few U.S. Plants using either proceass are deaigned
for denitrification, Baged on process theory, denitrification
is expected to be more reliable in the SBR system due to its

greater process control potential.

The inherently modular design of the SBR, which uses several
single tanks operating independently, makes this process easily

amenable to future expansions required by increased flow.

Although ammonia stripping is the most appropriate form of
physical-chemical nitrogen removal for Loa Osos, the physical-
chemical process 1s far more coatly than the two biological
process alternat;ves. Both the capital and operating costs of
Alternative 3 are far higher than those of Alternatives 1 and
2.

7=15
4/25/86




° The preliminary estimate of operation and maintenance costs are
very similar for Alternatives 1 and 2. 1In theory, energy costs
for the SBR system should be lower than those for the CLR
system due to batch operation and absence if secondary clarifi-

ers and return activated sludge pumping.

@ The SBR alternative has the lowest capital cost. The capital
cost of the CLR alternative is approximately five percent
higher than that of the SBR alternative. This difference in
capital cost between Alternatives 1 and 2 is well within the
erroxr margin of a preliminary cost estimate and therefore these
alternatives must be considered nearly identical in terms of

cost.

RECOMMENDATIONS

It is recommended that Segquencing Batch Reactors (Alternative 2) be
selected for the Los Osos Wastewater Reclamation Facility. On the basis
of cost, the present worth of Alternative 2 is only about three percent
lower than that of Alternative 1. However, the SBR alternative is also
preferred for its relatively low land requirements, ease of future
expansion, and operational flexibility. The greater process control
potential of the SBR system is particularly valuable because very strin-
gent discharge standards are proposed for this facility.

Some caution has been exercised in selaction of the SBR process due
to the small number of operating SBR facilities in the U.S. Telephone
and in-person interviews with operating personnel, engineers, and agquip-
went vendors associated with currently operating SBR faclilitles were

conducted during Phase I and should continue during Phase IX.

A preliminary site plan for the recommended Los Osos Wasatewater

Reclamation Facility is shown on Figure 7.5.

254/9 4/25/86




FIGURE 7.5
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CHAPIER 8

CONCEPTUAL DESIGN OF EFFLUENT DISPOSAL FACILITIES

GENERAL

As discussed in earlier chapters, the goal of wastewater management
for the Los Osos area is to recycle the treated/renovated wastewater to
the maximum extent feasible by means of groundwater recharge so0 as to
ensure an adequate groundwater supply with acceptable quality. The
groundwater recharge system will further improve water quality by fil-
tering and adsorbing minerals, nutrients, organics, particulates, bac-

teria, and viruses,

Reconniassance work conducted by the Morro Group and Pacific
Geosacience narrowed the potential recharge areas to two locations: (1)
a 200-acre parcel above (south) Broderson Avenue, known as Site 6; and
(2) Los Osos Creek, about one mile above (south) the Los Osos Valley
Road Bridge. Effluent applied at Site & will recharge both the upper
and the lower (Paso Robles) aquifer; effluent discharged to the Creek is
expected to recharge the lower agquifer. PFor more discussion on these

locations, the reader is referred to Chapter 5.

This chapter presents ih; conceptual design of Fhe effluent dispo-
sal system. A transmission system would convey treated effluent from
the treatment plant site on Turri Road to Site 6 and to Los Osos Creek.
Infiltration/percolation ponds would be congtructed at Site 6 and an
outlet energy-dissipation structure would be built in Loa 0sos Creek.
Monitoring wells would be installed to determine baseline water level
and quality conditions prior to starting recharge operations and then to
track water levels and certain water quality constituents with time as

the system in operated,

254a/12 4/25/86




EFFLUENT TRANSMISSION SYSTEM

General

Figure 8.1 shows the proposed layout of the effluent transmission
system which will convey treated effluent from the treatment plant site
to the proposed effluent disposal areas. The effiuent transmission
system will be comprised of an effluent pump station and effluent trans-
mission pipelines. The effluent pump station will be provided at the
treatment plant site to pump effluent to the two disposal sites through

the transmission pipelines,

Since the Site 6 percolation ponds and the Los Osos Creek discharge
point are located in the same general vicinity with regpect to the
treatment plant site, a single transmission pipeline will be provided to
transport effluent to both locations. The pipeline will branch to
discharge to the Site 6 percolation ponds and to Los Osos Creek, as

shown in Figure 8.1,

Transmission Pipeline Alternative Alignments

Two alternative transmission pipeline alignments were considerad to
cross the Los Osos Creek wetlands between the treatment plant and the
Baywood Park area. The first alternative proposes a direct crossing
through the area, heading due weat from the ireatment plant to El1 Morro
Avenue. The second alternative alignment would cross Los Osos Creek at
the Santa Isabel Avenue bridge north of the treatment plant asite. Al-
though the E1 Morro Avenue route is considerably shorter and thersfore
less costly than the bridge crossing, other considerations such as
environmental impacts may make this direct route not feasible. Figure

8.1 shows the two alternative alignments.

Currently, the precise location of the percolation ponds within
Site 6 has not been defined. Although the ponds will be located within
the area designated as Site 6, they will require only a portion of the
total area. The final location of the percolation ponds will be deter-
mined by environmental factors (particularly Morrc Bay kangﬁroo rat
habitat), geological factors, and cost factors.

In order to quantify effluent transmisaion coat considerations for

alternative percolation pond locations, the Sita 6 area was divided into

B8=2
254a/12 4/23/86
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four quadrants as shown in Figure 8,1 Costs assoclated with effluent
transmission to each quadrant have been developed to provide cost data
for use 1in selection of the best location of the percolation ponds,
Obviously, the higher and farther the quadrant is from the treatment
Plant site, the greater the cost will be to pump effluent to that quad-
rant. Alternative guadrant cost data will, however, establish the
magnitude of such additiona} costs for consideration with other factors

and other cost data in determining percolation pond location.

Conceptual Design Criteria

The effluent pump station will receive effluent flow from the
chlorine contact chamber at the treatment plant and will pump the efflu-
ent directly into the transmission Pipeline. The pumps will be vertical
turbine type, driven by variable speed motors to match effluent flow
rate. A separate concrete wet well will be provided for the pumps, but
will have little storage capacity.

The plant SBR and other treatment proceases are expected to miti-
gate peak flows through the Plant such that the maximum diurnal peak
effluent flow out of the plant should be nc greater than 1.3 times the
average dafly influent fiow. This compares with an infivent diurnal
peak of 2.0 times the average flow. Therefore, the dry weather design
flow for the effluent pump station will be 2.1 mgd for Stage I and 3.1
mgd for ultimate development (Stage II). Considering infiltration and
inflow associated with a conventional gravity aewer system, the wet
weather design peak flow will be 3.0 mgd for Stage I and 4.3 mgd ulti-
mately. (See Chapter 3 for a discusesion of influent wastewater flow

projections.)

The main transmission pipeline and the Site § transmission pipeline
branch have been sized as 15-inch diameter on a preliminary basisz based
on the ultimate Peak wet weather flow. The Los Osos Creek branch has
alsc been sized as 15-inch diameter based on the ultimate peak dry
weather flow. Transmission pPipeline size gelection was based on main-
taining the friction head 1oss in the pipeline to leas than 6 feet of
head loss per thousand feaet of pipeline at ultimate design flow.

254a/12 4/23/86




A zeview of the elevations ©of the treatment Plant site, discharge
sites, and transmiasion pipeline profile reveals that the upper areas of
Site 6 (Quadrants III and IV} and the ridge that must be crossed to
reach upper Los 080s Creek establish the maximum static head that the
pump gtation musat overcome is approximately 260 feet. Tha static head
from the treatment Plant site to Site 6 Quadrants I and 1I is approxi-
mately 190 ft. The Stage 1 design total dynamic head (TDH) for the
effluent pump station was calculated for sach of the altarnative Site 6
locations and the two alternative pipeline alignments from static head
and Stage I friction losses,

Friction head loss in the transmission pipeline was calculated for
discharge to the percolation ponds based on the Stage I wet weather
design flow and for discharge to Los Ososz Creek based on the Stage I dry
weather design flow for each alternative alignment. Required horsepower
based on TDH and wet and dry weather design flows was then calculated
for each alternative assuming a combined pump and motor efficiency of 75
percent, Thé larger of the two horsepower requirements (to Los Osos
Creek or to percclation ponds) determined the Stage I design horsepower
for each alternative, 1In all cases, discharge to the percolation ponds
was found to require more horsepower than discharge to Los Osos Creek
due to the higher flow rate to the pexrcelation ponds and correspondingly
higher friction head losses. Effluent punp station horsepower require-
ments and total pipeline lengths for aach alternative are summarized in
Table 8.1.

The design of the treatment Plant SBR tanks ag currently proposed
will provide several hours of influent storage at average design flow
during which time no effluent discharge from the plant would occur,
This storage will allow short-term shutdown of the effluent transmission
system if required for repalrs or normal maintenance. If it is neces-
8ary to accommodate shutdown of the effluent transmission system for a
longer period than posaible with SBR storage, additional storage facil-
ities will be required if emergency discharge to Los COpos Creek at the
Plant site is not allowed by the RWQCB. Emergency storage could be
provided by increasing the SBR tank size or by providing a lined efflu-
ent storage pond at the Plant site.

8-5
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TABLE 8.1

EFFLUENT TRANSMISSION SYSTEM CONCEPTUAL DESIGN CRITERIA

Total HP> No. of? HP pera Pipeline Pipeline
Alternative Required Duty Pumps Pump Diameter Length
(inches) (feet)
El Morro Ave,
Alignment
Quadrant I 300 2 150 15 22,400
Quadrant II 290 2 150 15 20,100
Quadrant 1II 380 2 200 15 22,800
Quadrant IV 360 3 125 15 20,300
Santa Ysabel
Ave. Alignment
Quadrant I 350 3 125 15 25,700
Quadrant II 330 3 125 15 23,400
3 150 15 - 26,100
Quadrant IV 400 2 200 15 23,600

a
Stage I.
NOTE: HP = horsepower.

Since effluent storage requirements and emergency discharge res-
trictions have not yet been defined by the RWQCB, and since the cost
asgociated with providing emergency storage will be the same for all
alternative transmission systems, it is assumed that the storage pro-
vided by the proposed treatment plant design will be adequate. It is
further assumed that effluent quality will be maintained within the
average and peak limits set by the RWQCB. Thus storage for off-apac
effluent at the treatment Plant site will not be regquired.

Economic Analysis

Conceptual level capital cost estimates for the effluent pump
station and transmission pipelines for each alternative pipeline align-

ment and percolation pond location are provided in Table 8.2, Energy

coats associated with effluent pumping have also been estimated for each

. Quadrant III 420

I 254a/12 5/2/86
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alternative and are provided in terms of present worth in Table 8.2.
Other O&M costs for the effluent pump station are assumed to be inciuded
in the overall treatment plant O§M cost estimate. O&M costs related to
the transmission pipeline will be minimal and are assumed to be Included
in the collection system O&M cost estimate.

Estimated capital costs for the effluent pump atation include vari-
able speed control systems, 100 percent redundancy for the pumping
units, and all required appurtenances. The pump station capital cost
eatimates alsc reflect the fact that some type of hydraulic surge con-
trol system will 1likely be requiraed at the pump station to mitigate
transient hydraulic surges in the tranamission pipeline caused by sudden
pump shut-down. Pipeline capital cost estimates include budget allow-
ances for pipeline appurtenances such as air release and other valve

assemblies.

Energy cost estimates for effluent pumping were based on initial
requirements at average flow escalated at 2 percent a year to correspond
to the projected average population growth during the study period.
It was assumed that discharge to Los 0sos Creek at the dry weather
design flow would occur 50 percent of the time and that discharge to the
percolation ponds at the wet weather design flow would occur 50 percent
of the time., Discharge head for energy use calculations was based on
static head and friction head loss for each apecific discharge location.
Additional head losses were added for percolation pond diacharge to
account for head loss in site piping. The unit cost used to estimate
enargy costs was $0.08 per unit, escalated at an annual rate of 4 per-
cent to account for future 1néreases in energy costs. The present worth
of the energy costs was calculated using a discount rate of 8-3/8 per-

cent and an evaluation period of 20 years.

As previously noted, determination of the final effluent transmis-
sion system will be a function of a number of factors other than the
cost data given in Table 8.2. A review of Table 8.2 indicates that, as
expected, the El Morrc Ave, alignment to Quadrant II is the least
costly. The El Morro Avenue alignment would provide significant coat
savings over the Santa Yaabel Avenue alignment, Howevar, with the
exception of Quadrant III, the variation in cost between the Site 6
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quadrants for each alignment does not appear to be substantial. As
discussed elsewhere in this chapter, Quadrant IV is the least viable of
the four alternative areas due to geotechnical and c&natruction consid-
erations. Therefore, affluent tranamission system cost should not be an
fmportant consideration in determining location of the percolation

ponds,

INFILTRATION/PERCOLATION PONDS
General

Groundwater recharge projects using reclaimed wastewater can be
grouped into two categories; planned and unplanned, depending on whether
the subsaquent reuse is an unintentional byproduct of effluent diacharge
or is a @specifically designed gyatem following effluent discharge. EPA
raports about 350 land disposal projects in California alone, About 140
of these are rapid infiltration (RI) type systems, such as is proposed
for Los OBos (Reference 8.1). No distinction is made on whether these
Projects are planned or unplanned, On the other hand, Asano et al,
report that planned groundwater recharge with treated effluent is prac-
ticed on a very limited scale. Eleven surface spreading projects and
three injection projects are cited worldwide. Total quantity recharged
is about 93 mgd. Nine of the 14 projects are in California (Reference
8.2). Thus, it should be pointed out that wastewater management for CSA
No. 9 will be included fn a limited unique group of land disposal proj=-

ects practicing planned water reuse after recharge.

Racharge Basin COnceEtual Desigg

The deaign of the recharge basina is dependent upon volume and rate
of effluent, quality of effluent, topography, soil and hydrogeologic

charactaristics of the specific discharge site and of the overall area,

Wastewater flowa from the project area are presented in Chapter 3,
For Stage One using the average dry weather flow of 1.6 mgd for seven
months and average wet weather flow of 2.3 mgd (1.6 mgd ADWF + 0.7 mgd
I/1 for gravity sewers) for five months yields a total annual deaign
volume of water to be recharged of 2,090 AF. Effluent quality is dias-
cussed in Chapter 4; actual effluent quality will axceed the expected
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discharge standards for BOD and SS of 60 mg/L each. Even using these
standards, BOD and SS loading {organic) will not control design.

The topography of Site 6 is gently sloping northward at 10 to 14
percent, depending on location within the site,

The Moxro Group and Pacific Geoscience (MG/PGS) have jolntly con-
ducted reconnaissance level scils investigations and found that there is
about 15 to 30 feet of windblow sand overlying the Paso Robles Formation
on Site 6 (see Appendix H. MG/PGS ran soil permeability tests at seven
locations and at two depths, 10 and 25 feet, at each location. Based on
these tests MG/PGS recommended a hydraulic loading rate of 40 feet per
day for the windblow sand unit., If apread out over a 1,000-foot east-
west alignument, the wastewater would infiltrate intc the Paso Roblas
Formation at a rate one-tenth as fast, or four feet per day. Hence,
they recommended a model basin about 60 feet wide by 1,000 feet long
{east-west direction) assuming 2.0 mgd of wastewater daily flow rate.
This model results in an annual hydraulic loading rate of 1,626 feet per
year (2,240 AF/yr + 1.38 acres) (see Appendix H). EPA reports that
«++"Experience in the United States with (land) treatment systems using
RI has been limited to annual loading rates of about 400 feet or less"
(Reference 8.1). Therefore, for the sake of conservativism, practice-
to~-date and the fact that very limited site data have been gathered, 400
ft/yr annual hydraulic loading was used in the conceptual design. After
further field work (recommended balow)} is conducted, preliminary design
(Phase II) refinementa can be introduced and possibly the land area

requirements can be raduced.

Dividing the annual volume of wastewater of 2,090 AF/yr by the
annual loading rate of 400 ft/yr yields a nat land area regquired of 5,23
acres, This will be the area of the bottom of the basins.

There will be multiple basins in the recharge system so as to allow
for periods of loading, resting, drying, discing, and scarifying and
maintenance. Lower basina will act as overflows from upper basins.
Where the goal of the system is to maximum infiltration rate (as con-
trasted with nitrogen removal or nitrification objectives), EPA recom-
mends the following ranges for loading and drying periods for infiltra-

tion with secondary efluent (Reference 8,1):

8-10
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Season Application Period Drying Period
Summer 1=-3 4-5
Winter 1-3 5=10

For Los 0so0s, the preliminary recommendation is for two days load-
ing and 9 days drying. Under this arrangement, the total cycle time
would be 11 days and there would be 33 cycles per year {365 + 11). This
¢ycle will result in a daily application rate of 6.06 ft/day (400 ft/yx
+ [33 x 2 days]) which is close to the 4 ft/day recommended by MG/PGS
but substantially less than the 40 ft/day MG/PGS reports for the wind-
blown sand unit.

Since it was found most cost-effective from an effluent transmis-
sion point of view to locate the ponds in Quadrant II of Site &, the
conceptual design of the ponds was based on this location for two
reasons: (1) the wind-blown sand unit is thickest here (25 to 35 feet);
and (2) the slope is the flattest, Should the ponds be moved to another
quadrant, a factor for increased costs for basin conatruction will be
applied. ©Locating the basins in Quadrant IV is least desirable since
the wind-blown sand unit is at its thinnest (10 to 15 ft) here.

The conceptual design is based on 12 basins, each 600 ft by 30 ft
wide., Two basins would be loaded simultaneocusly for two days while the
remaining ten are resting,. No two adjacent basins would be loaded
simultaneously, particularly in the north-south direction. Figure 8.2
shows preliminary basin layocut and Figure 8.3 presents more detail on

one basin.

Fixed piping would distribute the water to each pond. Moveable,
agricultural furrow irrigation type piping would distribute the water
within each basin. Six sets of distribution piping would be furnisghed.

Estimated Construction Costs

Table 8.3 presents the estimated construction cost of the infiltra-
tion basins. Locating the basins in Quadrant III would increase the
estimated cost by approximately $150,000, because of increased earthwork

owing to increased slope. Location in Quadrant IV is not recommended.

8-11
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TABLE 8.3

PRELIMINARY CONSTRUCTION COST ESTIMATE FOR INFILTRATION BASINS

Estimated Unit  Estimated®
Itenm Unit Quantities Cost Cost
(s) (s)
A. Earthwork
Excavation CY 54,600 3.50 121,100
Fill CcY 40,900 3.50 143,200
Removal CY 13,700 2,00 27,400
B. Flexible Liner w/ Anchor SF 151,00 1.50 226,500
C. Fence LF 4,800 13,50 64,800
D. Gravel Road SF 243,500 1.50 365,200
E. Main Feed Lines
15" @ pipe LF 3,650 40.00 106,000
12" @ pipe LF 1,300 35,00 45,500
F. Fixed Basin Distribution Piping
8" # pipe LF 960 30.00 28,800
8" ¢ flow meter ea 24 1,000.00 24,000
8" g gate valve ea 24 800.00 19,200
G. Movable Irrigation Piping
8" ¢ (aluminum) L¥F 3,600 t0.00 36,000
Total 1,278,000
Contingency @ 20% 256,000
Subtotal 1,534,000
Overhead and profit @ 15% 230,000
Total estimated conastruction cost 1,764,000

%ENR cCI 5180,

Land Requirements

Actual land regquirements will depend on which quadrant in site 6 is
selected and how much buffer zone 18 required. As ptated above,
Quadrant II was selected and it is assumed that a 200-foot buffer to the
north between the lots gouth of Highland Drive and the basins will be

B-14
254a/11 5/2/86




adequate. Assuming a 200-foot buffer to the south and west and using
Bayview Heights Drive as an easterly boundary results in a total land
"take" of approximately 42 acres. Locating the basins in other parts of
Site 6 will change (probably increase) land requirements. Professional
appraisal advice should be sought to arrive at an appropriate budgetary

value.

LOS 0505 CREEK DISCHARGE

Piacharge to Los 0Osos Creek would be located as shown in Figure
8.1. An outlet, energy-dissipation structure is envisioned at this
site. Costs for this structure would be about $20,000 to $30,00C and
are considered adeguately covered by the contingency for the infiltra-

tion basins as presented in Table B.3.

ADDITIONAL STUDY REQUIRED TO VERIFY DESIGN CRITERIA FOR GROUNDWATER
RECHARGE SYSTEMS

General

The analysis and design of rapid infiltration (RI) land treatment
systems requires specific Iinformation on the properties of the proposed
infiltration basin sites. Inadequacies in field data can lead to erro-
neous conclusions while excegsive field data can result in unnecessarily
high costs with little refinement in design. If uncertainty exists,
experience indicates the adoption of a conservative approach to data

gathering requirements.

Table 8.4 i3 a flow chart that represants the sequence of field
testing for RI land treatment systems. This chart (as recommended by
EPA} provides information on the type of fileld test data regquired and
the appropriate sequences for collection so0 as to obtain sufficient data
for detalled design as well as operational characteristics. Ags the
protocol proceeds to the right (on the chart), test results may dictate
reversion back to a previous step so as to verify certain results and

apparent anomalies.

8~-15
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Recommended Field Work

Bore Holes/Plezometers

Pacific Geoscience, under the direction of the Morro Group, drilled
seven boreholes in sedimentary rock units underlying the Broderson
Avenue site, These bores were drilled to determine both the groundwater
table and the depth to the nearest impermeable layer. These dJdepths
together with certain other data are required to make mounding analyses,
to design drainage facilities, and to calculate constituent {i.e.,
nitrogen) mass balances. In order to verify water levels at the pro-
posed Broderson Avenue site, an additional 9 bore holes need to be

drilled and these bores should have a piezometer installed in each.

Water level pilezometers (one to two-inch diameter PVC) are recom-
mended to be installed to approximately 20-foot depths in Los 0Ogos Creek
to assess its recharge capacity and characteristics. Thase piezometers
would serve to characterize creek sediments and monitor water level
fluctuations before and during discharge to the creek, Approximately
five piezometers are recommended to be installed at various intervals
down the creek for about a 1,000-foot reach from the proposed discharge
site,

Test Pits

Shallow profile evaluation has not been performed at the Broderson
Avenue site. This type of evaluation consists of digging teat pits,
usually with a backhoe, at each basin location. Besides exposing the
Boll profile for inapection and sampling, the purpose is to identify
subsurface features that could develop into site limitations, or that
point to potential adverse features. Conditions such as fractured,
near-gurface rock, hardpan layers, evidence of mottling in the profile,
lenses of gravel and other anomalies should be carefully noted. At the
Broderson site the wind-blown sand unit in the first 20 feet is expected
to be fairly homogeneous. For proposed RI systems, this type of evalua-

tion should extend to 3 m (10 ft) or more.

The EPA suggests that a minimum of 3 to 5 test pits be excavated
per infiltration basin, Because of the uniformity of the deposits

{wind-blown sands) underlying the Broderson Avenue site the suggested
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number of teat pits per basin would result in unnecessary costs with
little data enhancement. Thus, it is recommended that only 12 test
pits, one per infiltration basin, be excavated in order to avaluate the
shallow atratigraphic profile. Each test pit should be excavated to a
depth of 10 feet,

Infiltration Tests

Proper hydrogeologic evaluation of RI systems requires the long-
term acceptance rate of the entire soll surface on the proposed site for
the actual wastewater effluent to be applied. Unfortunately, only the
short-term acceptance rate for a number of particular areas within the
overall site can be measured. The four technigques normally used to
measure infiltration rates include basin flooding, cylinder infiltrome-
ters, sprinkler infiltrometers, and air-sntry permeameters. The two
main categories of measurement technigues are those involving flooding
(ponding over the scil area) and rainfall simulators (sprinkling infil-
trometer), Flooding measurement technigques are generally preferred

because of their simplicity of use, but they almost always give higher

infiltration rates which in some cases can be significant (Reference
8.1). However, differences can be accommodated by adjustments to the

test raesults,

The Morro Group performed permeability tests at two depths in their
test bores on the site. These rates are reported in previous sectionsa

of this report.

At least one infiltration test using the basin flooding method
should be performed on each infiltration basin for a total of 12 tests.

Hydrogeologic Assessment - Groundwater Model

In addition to infiltration rates, certain other estimates of-
hydraulic properties are needed to evaluate the RI operating character-~
iatics of the proposed gite and potential downgradient effects/impacts.
These data include, but are not limited to, determination of the follow-
ing: saturated hydraulic conductivity; infiltration capacity, to evalu-
ate potential for ponding at the aite; specific yield, important in
performing groundwater mound height analyses; unsaturated hydraulic
conductivity, important in determining reduced flow conductivity; and
profile drainage,
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Because of the short-term, non-equilibrium nature of hydraulic
parameter tests and resulting estimates, a deterministic groundwater
model should be constructed to simulate the actual behavior of the
groundwater system in relation to the recharge site. The process of
constructing a model for a groundwater management study involves data
collection, data preparation, history matching, and pradiction. The
groundwater model can be used in all phases of the aquifer study includ-
ing conceptualization and data collection, efficient design of the
monitoring well array eystems, detailed design of the infiltration
basins, and prediction of groundwater behavior under differing operating
and hydrogeologic circumstances. The ability to change the model with
relative ease affords all interested parties with a useful, relatively
inexpensive design tool that can save years of work as well as contin-

gent expenditures.

The conatruction of a deterministic groundwater model will sarve as
a design tool to simulate changing conditions at the site. This initial
capital expenditure could result in the saving of hundredz of thousands
of dollars in construction costs, and will provide the County with a

useful water management tool,

Estimated Costs

Estimated costs to conduct the additional field work necessary for
design are presented in Table 8.5,

GROUNDWATER RECHARGE MONITORING PROGRAM

The objectives of groundwater monitoring are to obtain an early

warning of groundwater quality degradation resulting from wastewater
infiltration and to determine the effectiveness of wastewater infiltra-

tion in recharging the groundwater aquifers in the Los Osos Basin,

Monitoring wells are generally located down the topographic slope

of the water table and at right angles to the center iine of the ground-
water flux. Since groundwater flow is three-dimensional and introduced
constituents are filtered and adsorption by the deposits as they mi-
grate, the constituents only partially penetrate aguifer systems.

Hence, it is important to screen monitoring wells in that portion of an
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TABLE 8.5

ESTIMATED COSTS OF ADDITIONAL HYDROGEOLOGICAL INVESTIGATIONS

Item Estimated Cost
($)
1. Boreholes/Piezometers® 11,000
2. Test Pits® 8,000
3. Infiltration Testsb 6,000
4. Groundwater Modelb 30,000
5. Evaluation, Interpretation, and Report 15,000
Total 70,000

;Nine at Broderspn; five at Loz Osos Creek.
Broderson site only.

aquifer through which potential contaminants are migrating. Thus,
monitoring well installation will depend on the design of the percola~
tion basin system and will probably need to be installed at variable
depths.

Los Osos Creek Site

The recommended groundwater monitoring at the propoged dry weather
recharge site along Les Osos Creek requires the installation of a two-
component system: one upgradient of the site and one downgradient of the
site. The upgradient monitoring well array will allow for definition of
native groundwater and establish background water quality.

In order to track reclaimed water constituents, such as nitrate,
downgradient of the recharged zone, a monitoring well array should be
situated in the residential area northwest of the site. Water level
measurements near Los O0sos Creek indicate that during the dry season the
water table is within 10-15 feet of the ground surface., Installed wells
should therefore be screened at depths no less than 10 feet and at
variable depths based on hydrogeologic conditions as determined by
additional site investigations such as infiltration tests, etc. Sites

for additional water guality and water level monitoring stations may be
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needed further downgradisnt. Water wells from agricultural areas near
the creek could serve as potential monitoring stations should the need

arise,

Broderson Avenue Site

This wet weather recharge site, located west of Los 0sos Creek, is
underlain by 15-40 feet of wind-blown sands resting on the Paso Robles
Formation, The monitoring system should observe variations in water
quality, as well as serve as an indicator of groundwater mounding down-
gradient of the asite. Mounding is an important criterion at this site
due to posaible surfacing of wastewater at downgradient residential

areas.

In order to obtain native water guality data, a component of the
monitoring system would be installed upgradient of the proposed basin
system, Data from these wells will help establish background levels on
water quality and the amount of water recharge from upgradient of the
percolation ponds. Immediately downgradient (within 100 feet) of the
recharge basins another component of the monitoring well system should
be installed. The wells in this array should be installed at depths
that coincide with the variable wind-blown sand/Paso Robles Formation
interface, These monitoring wells should be located based on the pro-

jected geometry of effluent plumes fanning from the recharge basins.

Further downgradient (approximately 600 feet}) of the recharge
basins another monitoring well array would be located below the site in

At an east-west street right-of-way, depending on where within Site &
the basina are finally located. This monitoring well array would func-
tion primarily as observation points for hydraulic head measurements.
Some shallow wells already in existence with historically high nitfate
levals downgradient could serve to monitor groundwater quality. Deeper
wells installed in the Paso Robles also exist in the general vicinity
(Reference 8,3). Identification of appropriate wells will be made after

selection of the recharge basin locations.

Monitoring Well Specifications

All monitoring wells will be installed in accordance with the
specifications established by the RWQCB and under any other proviaions
and applicable ordinances of San Luis Obispo County.
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Monitoring Well Surveillance

Frequency of sampling monitoring wells is based on groundwater flow
rates, statistical analyses of historical variations in parcelation rate
changes, distance of the monitoring well from the percolation source,
hydrogeoclogic setting of the monitoring well in comparison to that of
the source, and the water table. Usually, a monthly sampling frequency
is used only for establishment of initial trends, but because of the
Yearly limited allowable recharge time for each site a monthly sampling
achedule should be initiated during the gite specific recharge season.
During the off-recharge season sampling can proceed on a bimonthly or
quarterly schedule. Not all monitoring wells may require the sanme
sampling schedule which will be designed with expacfed periodical
groundwater quality and hydraulic head changes in mind.

Monitoring System Costs

Cost estimates for the monitoring asystem developed herein are based
on historical data and analysis of construction costs and does not
congider site apecific conditions and availability of the required
expertise and materials to complete well installations. For the pur-
poses of this cost estimate, none of the existing wells will be assumed
to be available for use in the monitoring system. The monitoring system
costs are develcoped separately for the Los Osos Creek and Broderson

recharge site,

Log Osos Creek Site. A total of 6 monitoring wells is estimated to

be needed for the water level and water quality monitoring at the Los
OBos Creek gite, Foxr the purposes of this cost estimate, these are
assumed to average 25 faet in depth. In actuality, the wells directly
adjacent to the recharge site would be at a depth of about 15 feet while
the ones furthest downgradient may require depthe of 35 faet.

The estimates includes the material and/or labor cost of the

following:
1. Setting up and removing the drilling equipment;
2. Drilljing 8-inch diameter borehole;

3. Geologic logging of the borehole;

B8-22
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4. 1Installing 2-inch diameter PVC casing, screen and fittings;

5. Gravel packing, grouting and sealing the annular space between

cagings and borehole; and
6. Developing the wells,

Based on the above, cost per well is estimated at $3,000. Total

costs for the Los 0Osos Creek monitoring is thus 5$18,000.

Broderson Avenue Site. A total of nine wells are estimated to be

needed for the monitoring system at Site 6., Estimating a depth of 25
feet per well, including the same materials and/or labor costs developed
for the Los 0sos Creek site, the total estimated cost for the Site 6
monitoring system would be approximately 533,000.

SUMMARY OF ESTIMATED COSTS FOR EFFLUENT DISPOSAL

A summary of the estimated cost of effluent disposal system compo-
nents is provided in Table 8.6. Cost for the effluent transmission
system is from Table 8.2 for the El1 Morro Avenue alignment to Site 6
Quadrant II, Cost for the infiltration ponds is from Table 8.3 for
Quadrant II. All costs in Table 8.6 include contractor’s overhead and
profit and contingency. Technical and professional services fees are

not included.

TABLE B.6

SUMMARY OF ESTIMATED CONSTRUCTION COSTS FOR EFFLUENT DISPOSAL

Item Estimated Cost®’®
($1,000)
Transmission 1,390
Infiltration ponds 1,760
Monitoring system 50
Total estimated construction cost $3,200

%ENR cCI, 5180.
Rounded to closest $10,000,

254a/11 5/5/86




. CHAPTER 8

LOCALLY, SUGGESTED ALTERNATIVE SOLUTIONS =




CHAPTER 9

LOCALLY SUGGESTED ALTERNATIVE SOLUTIONS

BACKGROUND

The residents in CSA 9 have taken an active interest in the solu-
tion to their wastewater collection, treatment, and disposal problem,
They are particularly concerned that all cost effective and technically

visible alternatives be considered. As a result of these concerns, the

-Board of Supervisors has directed ES to make every effort to evaluate

alternatives raised by repraesentatives of the community,

ALTERNATIVES

Ideas were solicited via interviews of interested persons by ES,
and as discussed in interviews which were reported in a local paper
(Reference 9.1). The Principal proposer of alternative suggestiona was

Mr. John A, Alexander.

On 14 May 1985, a meeting was held with Mr. Alexander to discuss
his alternative concepts for dealing with wastewater management in the
Btudy area. Mr. Alexander made some general suggestions and cbserva-
tions which are discussed below. However, he did not propose a com-
pletely defined alternative, but rather generalized and speculated on

various ideas that could be considered for the area.

Many of the suggestions represented segments of a total system of
collection, treatment, and disposal. Further, some of the suggestions

were simply methods and materials to accomplish or implement the same
design.

Since the original meeting, ES has received nothing further from
Mr. Alexander, nor has ES received any concrete details concerning the

suggestions offered during the 14 May 1985 meeting. However, in the
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past several months, there have been interviews reported in the Bear
Facts newspaper wherein Mr. Alexander speculated further on sclence and
techniques that may be applied to the project. Further, there have been
several letters from Mr. Alexander to public officials concerning fur-
ther observations as to ideas which should be considered, suggesting

that, not to do so would be irresponsible, and implying a considerable
body of empirical knowledge available to substantiate his clainms,

on B8 April 1986, a follow-up meeting was held with Mr., Alexander to
clarify ES' understanding of his suggestions.

The following delineatea the various ideas proposed by Mr.
Alexander and others for further discussion., In general, the sugges-~

tions put forth were:

1. Use a septic tank effluent (STEP) pump system in lieu of con-
ventional ccllection system. This would consist of individual
septic tanks with effluent being pumped from each tank in a

common transmission system to a treatment facility.

2. Use a pressure sewer system conslisting of a sump and grinder
pump at each house and pump raw sewage to treatment in a common

system.

3. Use a variable grade gravity system for transporting raw waste

or septic tank effluent. This works on the principle of the
pipe flowing full with higher velocities to move solids.

4. Use small diameter plastic pipe and install with a "Ditch
Witch®" atyle trencher in shallow trenches,

5. Use lightweight pléstic irrigation pipe encased with reinforced
concrete and lay on ground or just at the surface of the

ground.

6., Leave the septic tanks and leach field 1lines in place. Pump
the groundwater under the homes up-valley to farmland for
agricultural use, If water is needed in the agquifer to hold
back seawater intrusion or to supplement water supply, it can
be brought down from wells at the farms up the valley in a
parallel pipe. In those arsas where leach fields simply cannot

9-2
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be used, septic tank effluent would be pumped directly into the
same line which is delivering the pumped groundwater to the
farmers or by individual on-lot treatment systems, One sup-
porting argument given for this alternative is that the differ-
ence in elevation from the community to the farma is only 16

feet. Thus, the pumping energy would be low.

Collect septic tank effluent by one of the low cost means
described above and pump to nearby farmland for surface dispo-

sal as irrigation.

Instead of conventional wastewater treatment schemes, employ a
new innovative chemical approach referred to by John Alexander,
the inventor, as an "Electron Scrambler." This would be done
on an individual hocuse basis or as a community treatment

scheme,

Experiment with the groundwater pump-down alternative to deter-
mine feasibility (estimated by Mr. Alexander to cost $2 mil-
lion). 1If this apprcach does not prove feaaible, use the
transport system to try the septic tank effluent pump to irri-

gation acheme,

The approach of piecemeal suggestions leaves ES without a specific

alternative to evaluate which is proven and will sclve the problem at

CSA 9 and will meat the project objectives. The ideas suggested are

experimental in nature, are not based upon proven facts, and run the

risk of delaying the final solution which could result in increased

costs,

1‘
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In summary, here are the problems:

A number of random suggestions have been made based upon un-
proven principles which will reguire experimentation and which

are well beyond the scope of this study to addreas,

Claims have been made for the cost of piping materials and

methods of installation without consideration to the problems

encountered and the health and safety requirements for working

within a densely populated community. It is argued that the
fact that such an approach has not been used in other communi-

ties is proof of the narrow-mindedness or lack of innovation by
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engineers and public officials rather than the possibility that

the approach is unfeasible or not workable.

A solution is being proposed that is dependent upon uncontrol=-
lable variables such as the weather, the market for agricultur-
al products, the long term impacts on soil chemistry, and the
whim of farmers who may not wish to continue farming land which

may become valuable for other development.

Claims are being made for a treatment system which Mr.
Alexander readily admits cannot be explained by known scientif-
ic principles and for which no independent data exiat to

evaluate.

A suggestion was that each household could have its own
"aAlexander device" or other individual system for which it
could reclaim and reuse the water, Such an approach would
depend upon each homeowner maintaining and operating his own
system competently. While this concept might be acceptable in
a rural area, it would be very guestionable in an urban arxea
where one person’s actions affect the health and safety of his
neighbor, Potential liabilities and impacts on homeowner

insurance could be very significant.

QUESTIONS

There are numerous quastions that these suggestions raise and which

nust be explored and answered if possible. These include:

t.

254a/16

Doas pumping down the aquifer below the leach field reduce
pollution from septic tanks?

Would the Regional Water Quality Control Board accept pump-down

as a solution to groundwater pollution?

Would farmers take the water or could adeguate land be pur-

chased for effluent disposal and farmed by the County?
What happens during rainy periodas?

Is the hydrogeology of the area suitable for a pump-down

scheme?

4/24/86
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1t.

12,

13.

14.

15.

16,

254a/16

What would be the area of influence of such a scheme and how

many wellas would be involved?

Is there sufficient water under the farmland to bring down to

the lower end of the basin, and can it actually be developed?

How do you get the water, brought back, into the aquifers?

Can septic tank effluent be discharged on land without further

treatment?

What is the Regional Board's position on spreading septic tank
effluent?

What impact will sulfides in septic tank effluent have on

further treatment or on irrigation of flora?

Does trenching down both sides of a atreet in the berm really
reduce costs considering that twice as many utilities (water
and gas) would have to be located and either cut and raplaced
or avoided in gome other manner? Would there still have to be
numerous streat crossinga? Further, to comply with County
building codes and health department standards, there would be

some constraints on where the pipes can be relative to the

water supply.

What liabilities would the County have for surface laid piping
systems or shallow systems which could be damaged, thus shut-

ting down service or expoming the public to contamination?

Cost estimates for some of the alternatives have been suggested
as 51 to 54 or $5 million. What does this cover (what's in-
cluded in these numbers}, and what percent of the total project

does this represent?

How &mall a diameter pipe is feasible considering the materials

which always get through a treatment system?

What research has been done on the "Electron Scrambler?" Where

has it been used on domestic wastewaters? How does it work?

9-5
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CONTINUED USE OF SEPTIC TANKS IN A SOLUTION TO THE DOMESTIC WASTE
PROBLEM

In order tc comment upon a solution to the CSA 9 problem which
continues the use of septic tanks, a discussion of septic tank perform-

ance is ne cessary.

A typical household of three to four persons produces about 400 to
500 gallons of wastewater per day. This wastewater results from all the

activities involving water use in the home including:

{(a) laundering

(b} dishwashing

{c) garbage grinding and disposal
(d) teilet flushing

{e) showering

(£f) other miscellaneocus water-using activities

The use of water by persons in the home adds dissolved organics
(such as sugar, urine, drinks, and julce residues) and suspended organ-
ics (such as garbage residues, feces, toilet paper, and the like). In
addition to these residues, small amounts of salt and potential disease-

causing organisms contaminate the waste,

In a septic tank/underground drainage system, the wastewater passes
through an underground septic tank. This tank detains the waste for
approximately 24 hours, During this slow passage through the tank, the
suspended organic residues either settle to the bottom of the tank or
are trapped in the tank as floating material.

The clarified waste then flows to the drainage system where it is
infiltrated into the ground undergcing natural filtration. The natural
filtration removes any harmful bacteria or virus. Thus the water perco-
lating into the groundwater through adegquate soil becomes safe from the
point of view of disease. As a raesult of this cost-effective solution
to health and aesthetics problems, many septic tank systems have been
constructed throughout the world.
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Problems with Septic Tank Systems

Fallure of Percoclation System

In the normal operation of a septic tank, there is a gradual accu-
mulation of organic sclids in the tank. If this residue (sludge) ig not
removed, it will ultimately fill the tank and spill over into the perco-
lation system. The sludge produces a blinding layer in the drainage
cauging its failure. Failure of the drainage system then causes the
wastewater to rise to the surface producing a significant health hazard
to children or other persons coming into contact with the surfacing
waste. Even when the sludge is pumped out of the tank, the aystem never
works properly again due tc the clogging of the drainage system which
has occurred. This clogging is essentially impossible to repair.

Where tanks are pumped every two or three years, they may work
satisfactorily for a lifetime, The problem is that routine pumping is

often overlooked or, due to economical problems, may be put off until it

is too late and overflow occura. As a result of this, health depart-

ments across the country have very often taken very negative positions
on septic tanks, attempting to thwart theilr construction for health-

related reasons.

Problems with the Groundwater

Organic sgubstances, both dissolved. and suspended, are composed
principally of the following elsments: carbon, hydrogen, oxygen, nitro-
gen, and sulfur. A large part of the organics are anaerobically (ab-
sence of oxygen) decompossd in the environment of the septic tank. The
decomposition results in the production of methane gas, carbon dioxide
gas, ammonia (a @oluble compound), and sulfide (a relatively soluble
compound) . The methane and carbon dioxide exit the system as gases
through the sewer vents, harmlessly, via the xoof of the residence. The
ammonia and a portion of the sulfide pass out with the water phase
(septic tank effluent) into the drainage system where it typically
draine downward through an unsaturated zone in the soll to the ground-
water below. In this unsaturated zone, there is gaseous oxygen present,
thus microbes begin to grow, converting the sulfide to harmless sulfate

and the ammonia to nitrate., To a 1limit, the deeper the unsaturated zone
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(depth to groundwater), the more enhanced the ammonia conversion process

becomes and the more severe the nitrate problem may become,

As a parallel, the indentical problem occurs when farmers over use
fertilizers containing ammonia. The residual ammonia is c¢onverted to

nitrate and may appear in the groundwater. In California there are some

severe problems with the latter situation.

The foregoing does not mean that all septic tank systems result in
problem levels of nitrate, If the water table is deep enough, the

nitrates may be retained in the soil through ion exchange. However, it
is probably only a matter of time before the concentration is high
enough to force the nitrates to the groundwater. If the underground
water flow is adequate, the nitrates may continuously flow away result-
ing in a dynamic equilibrium at relatively low lavelas of nitrate.
Unfortunately, in the study area, this iz not the case and the nitrate
problem is real and will continue to be real as long as septic tank

systema are used for disposal of domestic waste.

TRANSITORY AGGLUTINATION THROUGH ELECTRON SCRAMBLING

Mr. John Alexander has discussed a chemical treatment system that
he has developed and used in industry. While he has not directly recom-
mended the sysatem for CSA 9, he has discussed it ;n interviews with a
local paper and in correspondence to various county and astate officials
leaving a clear implication that such a system should be considered
because of the lower cost. He further suggests this system could be

used on individual residences with each system reclaiming water for

reuse and eliminating the néhd for municipal water supply.

Mr. Alexander has noted, "Because most water technicians have not
yet been exposed to the science of electron scrambling or transitory
agglutination, we have found it expedient to demonstrate rather than to
go through the laborious task of introducing a new science" and has
provided data from his research which is reproduced in Table 9.%.

Engineering-Science personnel are not familiar with a science of

tranasitory agglutination and electron scrambling nor have we found other

scientists or engineers who are acquainted with these principles. As a
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TABLE 9.1

JOHN ALEXANDER RESEARCH
TREATED
MUNICIPAL SEWAGE

Raw Sewage Effluent Product Percent
Test Parameter Quantity values Quantity Values Change

pH Units 10.9 7.3
Specific Conductance, (at 25°¢C) 4,650 650 86,0
Total Dissolved Solids, mg/L 2,350 404 8z.8
Suspended Solide, mg/L 384 1.0 99.7
BOD, 5 day at 20°C, mg/L 430 16.0 96.7
Dissolved Oxygen, mg/L(1)

(2) 5.1 8.3
Chemical Oxygen Demand, mg/L 741 6.0 99,2
Total Kjeldahl Nitrogen, mg/L 98.0 5.32 94.6
Ammonia Nitrogen (as N), mg/L 50.4 4. 91.7
Organic Nitrogen, (as N), mg/L 47.0 1.12 97.6
Nitrate Nitrogen, (as N}, mg/L 0.45 0.05 Bs8.9
Sodium (as Na), mg/L 750 47.0 93.7
MBAS (Surfactants), mg/L 14.0 0.1 99.3

wae received, Three days slapsed between the date sample was taken and
date received.

(2) Values published are from tests carried out by Quality Water Laboratories,

Beliflower, California. Laboratory test #5298 on municipal sewage from
Fountain Valley, California.

Reference 9.2,

. (1) Dissclved Oxygen value reported corresponds to amount found when sample
I
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result, we are not in a position to comment on the process lacking
demonstrated performance on domestic wastewater, However, some cobserva-

tions can be made concerning the data that was submitted.

In reviewing the data presented by John Alexander on municipal
sawage, it is interesting to note the apparent discrepancies in pH and
dissolved so0lids. The data reported pH before treatment of 10.9 and
after treatment of 7.3. Due to decomposition and organic acid produc-
tion in sewers, sewage normally has a pH between 6 and 7. Sewage with a

PH of 10.9 is very atypical,

Specific conductance and total dissolved 8colids measure the same
thing, dissolved minerals. Specific conductivity measures the ability
of the water to conduct electricity, which property is dependent on the
type and concentration of the dissolved minerals. The post-~-treatment
ratio of 404/650 = 0,62 compares well with the usual 0.64. The pre-
treatment ratio of 2,350/4,650 = 0.5 is excegesively low by normal
standards; thus, these data are suspect.

These data indicate that 86 percent of the dissolved solids have
been removed by the Alexander process. This is unheard of by a purely

chemical process.

When salt is removed from water, it ordinarily appears in a brine
flow or as a solid. Since there is no brine flow associated with the
Alexander process, one must presume the salt will be found in the sludge

or under flow as a solid substance.

The sodium concentration, a major part of the dissolved solids, is

reported to go from 750 to 47 ppm. Thus the process is required to

remove 83.7 percent of the sodium. There are approximately 200 inor-

ganic salts of sodium known to science and of these 200, only four are

insoluble in water and would therefore form a solid, These are:

sodium zinc uranyl acetate

sodium meta uranate
sodium trititanate

sodium metabisulfate

None of the four can exist unless the water containa large quanti-

ties of uranium, titanium, or bismith. These elements are rarely found

9«10
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in natuwral waters or sewage, certainly not in Fountain vallay,

California.

Therefore ES concludes that the data presented are suspect, since

they appear to violate all the laws of chemistry.

Organic constituents were reported as follows:

Before Treatment Aftexr Treatment
BOD 490 16
Chemical Oxygen Demand (COD) 74 6
Total Nitrogen 98 5.32
Ammonia Nitrogen 50.4 4,20
Organic Nitrogen 47 1.12
Nitrate Nitrogen 0.45 .05

Chemical Oxygen Demand (COD) is the guantity of oxygen reguired to

fully oxidize the waste under violent laboratory condjtions.

Biochemical Oxygen Demand (BOD) is the guantity of oxygen required
to partially oxidize the bicdegradable organics present. Therefore, BOD
is some fraction of COD. In the raw waste, the fraction reported is
490/741 = 66 percent, which is typical for wastewaters. In the treated
effluent, the BOD is 16/6 = 2.7 times the COD. This is very unusual but
it might be explained if the BOD test were run under nitrifying condi-
tions, Ammonia nitrogen is not measured under the conditions of the COD
test, thus the biological oxidation of ammonia to nitrite and nitrate
could explain the data. In any case, the removals are truly remarkable

if no error is present.

In general the data presented are very suspect. Since this infor-
mation is not corroborated, it cannot be accepted as evidence that the

proposed treatment system works as suggested.

Another study of the Alexander system was performed by the County
on meptic tank effluent at Black Lake, A memorandum reporting the
results of those tests is presented in Appendix I. The concentrations

of various conastituents in the effluent do not come anywhere near

meeting the effluent quality requirements for wastewater treatment, In

fact, they could not be classified as even the result of primary
treatment., While nitrates were reduced, the concentrations of ammonia

nitrogen Ni,=-N were substantially increased. This ammonia can be

9-11
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converted to nitrate in the environment through the same mechanism that
the nitrates which are now finding their way into the groundwater are
produced. These results are inconsistent with the results in Table 9.1,
For a treatment process to be suitable for treating wastewaters, it must

be reliable and produce reproducible resulta.

The results obtained thus far for the Alexander system on domestic
wastewaters are at best inconclusive and strongly suggest that it may
not be applicable for CSA 9, certainly not without considerable research
and demonstration as to its relliability both as a process and as a piece

of egquipment.

In order to insure that the system has been thoroughly and fairly
investigated, ES has requested a demonstration system from John
Alexander and Assoclates which will be operated on domestic sewage at a
plant in the Bay area, A report of the performance of the system will
be submitted at a later time,

NON=-CONVENTIONAL ALTERNATIVES

Those alternatives which considered such ideas as septic tank
effluent pumping (STEP), variable grade sewers (VGS), and pressure
sewers are evaluated elsewhere in this report. They represent conven-
tional alternatives because there exists a state-of-the-art and actual
operating experience by which to evaluate the alternatives. The purpose
of this section is to evaluate non-conventional alternatives reflecting
ideas which are put forth by the public where there 1s insufficilent’
experience, examples, or technical data by which to judge thenm,

The ideas suggested fall into itwo categories, One category is
System Alternatives which are intended to solve the total problem and
the other category is Non-System Alternatives which are ideas to redute

the cost of some compeonent of the system.

Based upon the discussion and ideas set forth in the various media

discussed previously, the following alternatives have been identified,

9=12
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System Alternatives

SA-1 - Continue use of septic tanks. Pump the groundwater down and

SA-2 =

SA-3 -~

transport up the valley for farm irrigation. If supplement-
al water is needed for domestic supply or as a sea water
intrusion barrier, it will be taken from under the up-vailey
farms and transported back to the residential areas. The
purpose of this alternative is to separate the groundwater
table from the leach field to reduce nitrates because it has
been alleged that nitrates will not appear (are removed or
not produced) in the groundwater when there ig sufficient
separation between the water table and the leach fieid. It
was proposed that for those septic tank systems that remain
in a flooded area, the septic tank effluent will either be
discharged into the system taking the groundwater to the
farms, or individual treatment systems such as the Alexander

system would be used befors combining with the groundwater.

Continue use of septic tanks. Pump the groundwater, remove
the nitrates and return toc the domestic supply systen,
Flooded septic systems which will not be improved by this
approach would be treated by a separate system.

Continue use of septic tanks, Collect effluent via a STEP

syetem and transport it up-valley for disposal on farm land.

Non-System Alternatives

NSA-1 - Use plagtic, small diameter pipe and install with a "Ditch

Witch."

NS5A-2 - Use plastic or thin wall irrigation pipe encased in

reinforced concrete and placed on the surface or just below

the purface,

NSA-3 - Use individual home treatment systems or cluster systems.

254a/16

The effluent would either be used locally by each home or

collected for common disposal,
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DISCUSSION OF NON-CONVENTIONAL ALTERNATIVES

SA-1

The facllities required for this alternative include:

1.

Connection of existing wells and installation of new wells to

insure uniform drawdown of water table.
Collection piping and transport main to irrigation system.
Irrigation distribution system.

Wet weather storage reservoir of approximately three months

capacity,

Purchase of land and development of a farming program to use
the water. (Preliminary discussions have indicated that

current farmers are not interested in such a program.)
Up valley collection wells,

Collection piping and transport main to community distribution

system.
Groundwater injection system for sea water intrusion barrier.

Installation of some type of system to manage wastewaters from
areag where this pumping scheme will not relieve septic tank
flooding problems. (It has been sBuggested that these waste
waters gimply be blended into the groundwater being pumped.
This would contaminate water that is otherwise safe from
diseagse hazards, This would not ba acceptable to farmers or
any regulatory agency due to the serious health-related risk.)

There are a number of problems raised by this alternative that

cannot be golved within the scope of this atudy. These area:

1.

254a/16

Can the groundwater basin be lowered and managed within
reasonable limits? How much more flow would have to be pumped

than is contributed by septic tanka?

How far must the water tabled be lowered to affect a nitrate

reduction or will it continue to remain contaminated?
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3. 1Is there adequate up-valley groundwater to offset what is being
pumped and lost to irrigation?

4. The water being pumped to the up valley fields contains high
nitrates, some fraction of which will be removed during the
growing season. During the non=growing season they will be
returned to the groundwater producing a gradual buildup in
nitrates in thée upstream groundwater. Ultimately, since this
iz the new source of drinking water, the o0ld problem of

nitrates will return, perhaps at a somewhat reduced level,

5. The basin plan will have to be modified to permit nitrates in

both the downstream and the upstream groundwaters.

6. There remains the problem of treating the wastewaters from
flooded septic systems, Tc date there is not a proven,
reliable, cost effective system which could be used on indivi-

dual households in the CSA 9 project area.

While there can be little doubt that a pump-down and irrigation
scheme would cost less than complete collection, treatment, and dispo-
gal, this propesal would result in an incomplete solution to the total
problem, would be subject to variables over which the operators have no-
control, would rely on physical/chemical environmental principles for
which there is disagreement between competent experts, and would be
dependent upon unknowns which no amount of study might resolve. It does

not appear that this alternative is feasible.

SA-2

The state-of-the-art for nitrate removal from groundwaters is still

in its infancy. The various potential alternatives are very expensive

and have not been proven for domestic supply.

The problem of the flooded septic systems which will not be
improved by this scheme remain a problem whose solutions are subject to
the same limitations as discussed under Alternative SA-1. In conclu-

sion, this alternative does not appear feasibla,
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SA-3

Because of potential health and odor problems septic tank effluent
would have to be treated. Since a community-wide collection system, a
treatment system, a septic tank maintenance program, a farm system, and
a wet weather management system would all be required, there would be no
cost advantage over the conventional sygtem which will be returning
water to the groundwater basin for domestic reuse. 1In conclusion, this

alternative does not appear feasible.
NSA-1

This idea may have gome ilimjited application where pressure pipes
are used of small diameter and where there are no interferences. This
would have to be judged on a case-by-case basis during design. However,

it is unlikely that there will be major cost reductions realized.
NSA-2

Pipes laid on the surface are 8imply unacceptable from a safety and
public health standpoint. Pipes are generally buried a minimum of 3
feet to protect them from impact loads of truck, cars, heavy egquipment,
and other activities found in a community. Such burial also protects
them from other activities such as grading for street improvements,
structural foundations, landscaping, and other digging activities.
Actual depths are determined by utilities and drainage features, desire
to be able to drain the pipes and whether they are pressure pipes or
gravity flow.

Notwithstanding that the pipes laid just at the surface would be
encased in reinforced concrete, they would still potentially be sub-
Jected to forces (anticipated and unanticipated) which could rupture the
plpes creating health hazards. Further, it is difficult to conceive a
community with ribbons of concrete at or near the surface running down

all the streets from each property.

NSA-3

Individual on-lot treatment and reuse systems are not presently
feasible for high density areas. Not only has the technology not been
suitably developed for such a scheme, but the potantial liability in

9-16
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CHAPTER 10

THE RECOMMENDED PLAN

DESCRIPTION OF FACILITIES

The recommended wastewater management plan for County Services Area

No. 9, serving Los Osos, Baywood Park, and Cuesta-By-the-Sea involves a
conventional gravity sewage collection system, tertiary treatment plant,
and effluent reuse by groundwater recharge to both the upper and the

lower aquifers.

The collection system will consist of approximately 46 miles of
gravity collection, 3 miles of force mains, a 1-1/2 mile gravity inter-
Ceptor, 5 pump stations, and 57 miles of mervice laterals. Small pock-
ets of pressure sewers may be used to avoid excessive cuts in certain
low areas, The decision of where to use these will be made during the

design phase.

The treatment plant will be located approximately one mile east of
South Bay Boulevard off Turri Road. The plant will consist of a head-
works containing screening, géit removal, and peptage receiving. Secon-
dary bilological treatment for removal of biochemical oxygen demanding
substances and nitrogen will be by saquencing batch reactors (SBRs).
Separation of the bio-mass from the wastewater 1ls accomplished in the
reactor basins; separate clarifiers are not provided. After the SBRs,
the wastewater will bs flocculated with alum and Polymers, filtered,
disinfected by chlorination, dechlorinated and then pumped to the reuse/
recharge areas. Sludges removed by the processes will be dewatered on
sand drying beds. The dried cake will be hauled by truck to a local
landfill.

10-1
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An effluent pump station and approximately four miles of force main
will transport treated wastewater to the reuse areas where it will be
used to recharge both the wind-blown sand unit formation {"upper aqui-
fer") and the Paso Robles Formation ("lower aquifer"), Recharge of the
upper and lower aquifer will be accomplished by spreading effluent in
rapid infiltration basins located south of Highland Drive and west of
Bayview Haights Drive. The basins are designed to work year-round.
However, in summer when there is no flow in Los Osos Creek, treated
effluent will be discharged to the Creek about one mile above Los Valley
Road bridge.

An overall site plan of The Recommended Plan in presented in Figure
10.1.

SUMMARY OF ESTIMATED COSTS

For detalls on the cost estimates, the reader is referred to Chap-
ters 6, 7, and 8, Summaries of the estimated caplital and operations
costs are presented herein., Since ES has no control over the cost of
labor, materials or equipment, or the general inflation of prices, or
over contractors' methods of determining prices, the estimates of con-
struction cost provided herein have been prepared on the basis of exper-
ience and judgment of an engineering professional. But ES does not and
cannot guarantee that proposals for construction will not vary from
opinions of probable cost prepared by ES. Moreover, the cost estimates
provided herein are conceptual in nature and were developad for use in
evaluating and selecting alternative systems, Pursuant to the ES-County
Contract, "...These cost estimates are not intended to ba adequate for

detailed financial planning."

Capital Costs

The estimated capital costs for the Recommended Plan are summarized
in Table 10.1. Estimates for engineering, administrative, legal, and
financing will need to be added along with inflation to the midpoint of
construction as well as intexest during construction to obtain a total

pProject cost estimate,

10-2
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TABLE 10.1

SUMMARY OF ESTIMATED CAPITAL COST OF THE RECOMMENDED PLAN

Item Estimated Cost”
(s million)
1. Collection System 20.6
2, Treatment Plant 7.2
3. Effluent Transmission/Disposal 3.2
Total estimated construction costa'b 31.0
Construction cost updatec 32,2
Estimated technical aervicesd {20%) 6.4
Land 0.5
Total estimated capital cost 39.1

PBased on ENR CCI 5180 May 1985 (average LA & SFO).
Includes allowances for 20% contingency and 15% contractors!'
coverhead and profit,
ENR CCI update to April 1986, ENR CCI 5377 (average LA-SPFQ).
Engineering design, (M, easement acgquisition, surveying,
geotechnical, hydrogeological (see Table 8.5}, legal, finan-
cial, and administrative services, Deoes not include costs
for bond counsel, hond sales commissions, interest during
construction and the 1likae,
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TABLE 10,2

SUMMARY OF ESTIMATED FIRST YEAR O&M COST OF THE RECOMMENDED PLAN

Item Estimated Costsa
(51,000/year)

Collection 165
Treatment 245
Disposal
Effluent 60
Sludge 10
Administrative _20
Total estimated O&M costs 5Q0

2april 1986.
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CHAPTER 11

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

Chapter 1 - Introduction

The RWQCB has concluded that the quality of groundwater in the Los
Osos/Baywood Park arsa of S5an Luis Obispo County is being degraded by
excessive nitrate and bacteria concentrations emanating from ageptic
tank/leach field systems currently used for wastewater disposal in the
area, In order to mitigate this decline in groundwater quality, the
RWQCB has adopted an amendment to the Basin Plan which prxohibits the use
of septic tank/leach field systems in the area as of 1 November 1988.

The purpose of this study is to define the most cost-effective and
technically feasible methods for collection, treatment and disposal of
sewage from the area in accordance with the requirements of the amended
Basin Plan and the RWQCB. The results of this study will be used as the
basis for subsequent preliminary design and financial planning for the

Bewerage project.

The objective of the sewerage project is to provide a system which
will perform reliably and which willi impose the minimum level of finan-
cial burden to users while protecting and preserving the quality of
groundwater in the area. An additional objective of the project is to

maximize recharge of the groundwater baain.

Chapter 2 - Study Area Characteristics

The study area includes the westerly draining half of Los Osos
Valley and Clark Valley in San Luis Obispo. The service area for the
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project is CSA No., 9, referred to as Los 0Osos/Baywood Park. The to-
pography of the service area is highly variable due to the local con-
vergence of the Irish Hills, Los Osos Valley, Pacific Ocean, Morro Bay,
and Los 0Osos Creek. After a period of high population growth in the
19708, the growth rate in this primarily resldential community appears
to have begun to stabilize. The current population of the area is
estimated to be 13,100, The County estimates that the ultimate popu-
lation of the service area will be 28,200. The Stage I design popu-
lation project for the year 2000 is 18,700. Stage II expansion of the
facilities to accommodate the ultimate population will occur when the

Stage I design population is reached.

Surface water features of the Los 0Osos hydrologic basin include Loz
0808 Creek and its tributaries, Eto Creek, and a few small lakes and
impoundments. Groundwater occurs in an upper aquifer zone that includes
100-200 feet of old dune sand deposits and in a lower aguifer that
includes most of the Paso Robles Formation. Wastewater disposal within
the service area is presently accomplished with individual, on-site
disposal systems (primarily aseptic tanks and leach fields) and several
community septic tank-leach field systems.

Chapter 3 - Water Supply and Wastewater Characterlstics

Groundwater from wells supplies all domestic and agricultural water
requirements in the atudy area., In the gervice area, chlorinated well
water is distributed by municipal water purveyors. No water is current-

ly imported to the area.

Wastewater flow projections are based on population projections
from Chapter 2 and an 85 gped unit flow rate. Average dry weather flow
for Stage I design is 1.6 mgd and is 2.4 mgd for ultimate development.
A dry weather peak factor of 2 was assumed to account for diurnal flow
fluctuations. Wet weather infiltration and inflow projections were also
calculated based on alternate sewer systems (see Table 3,2). Wastewater
characteristics are expected to be typlcal of domestic wastewater.
Septic tank effluent which would flow to the treatment plant from some
of the alternative sewer systems will have low dissolved oxygen and

decreased suspended solids and BOD.
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Chapter 4 - Wastewater Discharge and Treatment Requirements

Discharge requirements are based on effluent recharge of potable
groundwater supplies. Preliminary requirements have bheen set by the
RWQCB and include Title 22 requirementa for groundwater recharge (in-
cluding coliform bacteria 7 day average of 2.2 MPN/ml) and total nitro-
gen of 5 mg/l as N. BOD, TS5, DO and turbidity requirements for
discharge to Los Osos Creek are more restrictive than discharge to

percolation ponds. Discharge to Los 0sos Creek will not be allowed when
surface water continuity exists between the Creek and Morro Bay. Treat-
ment plant effluent guality criteria are based on discharge to Los Osos
Creek, which has the moat restrictive discharge requirements of the
planned disposal alternatives, To achieve the adopted effluent quality
criteria, screening, grit removal, secondary treatment, nitrogen re-

moval, and other tertiary treatment processes will be required.

Chapter 5

Wastewater disposal by groundwater recharge requires a hydrogeo-
logically suitable site which will allow percolation of effluent inte
the groundwater basin. The Los Osos groundwater basin consists of two
aquifer zones above a basement complex. Selection of alternative sites
for groundwater recharge was initially based on the agsumption that the
two aguifer zones are discrete, although some interconnection is be-
lieved to exist, Since the primary source of municipal water for the
area is from the lower aquifer zone, recharge to this zone is prefer-

rable to recharge to the upper aquifer zone.

The major source of recharge to the groundwater in Loz Osos Basin

is through precipitation. Wastewater from septic tank leach fields is
currently an additional significant socurce of recharge to the upper

aquifer zone. The geology of the upper aquifer zone is comprised pri-.
marily of highly permeable sand dune deposits. Permeability of the

series of marine sediments which comprise the lower aquifer zcne (Paso

Robles Formation)} is alec relatively high, but less than the upper zone,

After the investigation of five potential sites for recharge of
treated effluent to the lower aquifer, it was determined that no feasi-

ble sites for direct lower aquifer recharge exist, Recharge of the
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upper aquifer (and potential indirect recharge of the lower aguifer) is
now planned via a combination of discharge to Los Osos Creek during dry
weather and to percolation ponds during wet weather. Discharge to Los
Oscs Creek may result in direct recharge of the lower aguifer zone., The

percolation ponds will be located at Site 6 south of Los Osos and near

Broderson Road near the southern and upper edge of the upper aquifer

zone (see Figure 5.1 for Site & location).

Chapter 6 - Development and Evaluation of Alternative Collection Systems

The capital cost of the sewage collection aystem for the project
represents roughly 80 percent of the initial coat estimate for the total
project, Alternative collection systems have been evaluated to deter-
mine if use of these systems in lieu of the conventional gravity sawer
system originally proposed for the project can substantially reduce the

cost of the sewer syastem, and thus the cost of the overall project.

Five types of sewage collection systems were evaluated, The first
was a conventional gravity sewer system, which was used to set compari-
son standards of cost and performance. The alternative sewer system
types which were avaluated consisted of pressure sewers with STEP pumps,

pressure sewers with grinder pumps, and variable grade gravity sewers,

In general, the capital coste of alternative systems are lower than
for a conventional gravity sewer system but O&%M costs of alternative
systems are much higher than conventional systems. Alternative systems
typically have additional nuisances not usually asaoclated with conven-
tional systems such as potential for unforaseeable maintenance costs,
septic tank maintenance, pump systems located in users' yards, odors
from vented lines containing septic tank effluent, and so forth. In the
appropriate situation, however, the cost savings from the use of alter-
native gystems has been found in some instances to outweigh any associe

ated uncertainties and nuisances.

Based on an initial evaluation, conceptual level designs were
prepared for the conventional system, several alternative preasure sewer
systems with STEP pump units, and a combination system of conventional
gravity sewers and pressure sewers. Although STEP pump units require a

septic tank, they were selected over grinder pumps due to lower capital
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cost, maintenance and energy consumption and because the geptic tank
provides storage capacity if the pump fails, It was determined that
varlable grade gravity sewers were not technically feasible for this
large scale application and that the cost of such a system would be
comparable to the other sewer systems., The objective of the combination
system alternative was to utilize pressure sewers in those areas where

they would have the greatest impact in terms of cost reduction.

A present worth economic evaluation of these final alternative
systems was performed based on capital and annual O&M cost estimates
derived from the conceptual designs. Although a pressure sewer system
with one STEP unit serving two users was found to have the least present
worth cost, it was determined that the cost savings afforded by this
pressure saewer system did not justify the associated increase in poten-
tial for unforseeable additional Q&M costs. The combination system also
did not yield the anticipated level of cost savings. Thus, 1t was
determined that the alternative sewer systems could not provide cost
savings of the magnitude which could justify their implementation in
this particular application. A conventional gravity sewer system with
limited use of pressure sewers as appropriate in the most troublesome
areas is therefore the recommended sewage collection system for this

project.

Chapter 7 - Evaluation of Alternative Treatment Systems

The treatment facilities must provide tertiary treatment including
nitrogen removal to meet the anticipated RWQCB discharge requirements.
Three alternative treatment processes which would accomplish nitrogen
removal were evaluated. The firat two were biological processes; con-
tinuous loop reactor and sequencing batch reactors (SBRs). Although
both these processes have the potential to nitrify and denitrify, few
U.S. plants using either are designed for denitrification. The third
alternative consisted of physical-chemical treatment processes for
wastewater treatment including nitrogen removal, The present worth
costs for the two biological processes were approximately the same and

were both about 25 percent less than the physical-chemical alternative.

Sequencing batch reactors are the recommended treatment process for

this project. The SBR alternative present worth was only slightly less
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than the continuous loop reactor, The SBR alternative is preferred for
its relatively low land area requirements, esase of future expansion and
greater operational flexibility, The potential for greater process
control for the SBR is particularly valuable in this case because of the
gstringent discharge requirements anticipated for this facility. Al-
though SBR technology is relatively new in the U.S., many SBR plants are
operating successfully in other countries and many are planned for

construction in the U.S.

Chapter 8 - Conceptual Design of Effluent Disposal Facilities

Disposal of effluent from the wastewater treatment facilities is
proposed to be accomplished by reuse for groundwater recharge. An
effluent transmission system would convey treated wastewater from the
treatment plant site to remote infiltration/percolation ponds located in
the north-east quadrant of Site 6 south of Highland Drive and to Los

0sos Creek.

The transmission system would consist of a pump station at the
plant site, and a transmission pipe to convey effluent to the disposal
gsites, Infiltration/percolation ponds would be constructed at Site &
and an outlet energy-dissipation structure would be constructed at the
Los Osos Creek discharge point, Ponds would be designed as a rapid
infiltration type recharge system. Multiple basine will be provided in
the system to accommodate individual pond wetting and drying cycles.
The basins will require approximately 42 gross acres and will be
constructed in the north-east quadrant of Site 6 based on transmission

systex costs and geotechnical considerations,

Prior to final design of the infiltration/percolation ponda,
additional study of the geology and groundwater characteristics of the
proposed pond sfite will be reguired. This study should include bore
holes to verify groundwater levels, test pits for geological investiga-
tion, infiltration rates, and deterministic groundwater modelling.
Budgetary estimate for this work is $70,000.

Groundwater quality monitoring would be required as part of the
effluent disposal system to ensure that effluent recharge is not degrad-
ing overall groundwater quality. Monitoring wells would be installed
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downgradient of the two recharge sites, Monitoring of groundwater
mounding would also be accomplished with these wells, particularly at

Site 6 to avoid surfacing of recharge in downgradient residential areas.

The estimated cost for the effluent disposal system including
transmission system, infiltration/percolation ponds and a groundwater

monitoring system is $3.2 million.

Chapter 9 - Locally Suggested Alternative Solutions

The residents in CSA 9 have taken an active interest in the
solution to their wastewater management problem. They are particularly
concerned that all cost-effective and technically visible alternatives
be considered. As a result of these concerns, the Board of Supervisors
has directed ES to make every effort to evaluate alternativea raised by
repregentatives of the community. Ideas were solicited via interviews
of interested persons by ES. Alternative concepts were also reported in

a local paper, The Bear Factsg. The principal proposer of alternative

suggestions was Mr, John A, Alexander, Meetings were heid with Mr,
Alexander to synthesize a body of rather general and apeculative ideas,

concepts, and alternatives.

The jideas suggested fall into two categories. One category is
System Alternatives which are intended to sclve the total problem and
the other category is Non-System Alternatives which are ideas to reduce
the cost of some component of the system. Based upon the discussion and
ideas set forth in the various media diacussed previously, the following

alternatives were identified.

System Alternatives

SA-1 - Continue use of septic tanks. Pump the groundwater down and
transport it up the valley for farm irrigation. Furnish
supplemental domestic water from wells on up-valley farms,

SA-2 - Continue use of septic tanks. Pump the groundwater, remove
the nitrates, and return to the domestic supply systen.

SA-3 = Continue use of septic tanks. Collect effluent and trans-
port it up«valley for diaposal on farm iand.
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Non-S5ystem Alternatives

KSA-1 - Use plastic, small diameter pipe and install with a "Ditch
Witch."

NSA-2 « Use plastic or thin wall ijrrigation pipe encased in
reinforced concrete and placed on the surface or just below
the surface.

NSA~3 - Use individual home treatment systems or cluster system
employing a treatment asystem developed by John Alexander
and called "transitory agglutination through electron
scrambling."

Several problems and shortcomings were identified with each of the

above alternatives, including the following:

° Regulatory - Degradation of groundwater gquality would
continue under SA-1 and Sa-2, necessitating
a change to the Basin Plan adopted as law
by the RWQCB.

® Liability ~ Surface laid pipe could be broken resulting
in public health problems and interruption
of service.

¢ Operating « Under NSA-3, each home owner would be
reaponsible for operation and maintenance
of his own syatem. Ignoring failures could
cause public health problens.

® Water Supply/Use - Parmers do not appear eager or willing to
use the water., The potential rdemand" is
less than the supply. Using more water for
irrigation creates a new use, thus not
conserving water, Hydrogeology of up-
valley aquifers is unknown.

® Process Engineering - Operating data from John Alexander's
electron scrambler are suspect and appear
to defy the laws of chemistry.

While some elements of the non-conventional alternatives appear

attractive at first glance, unfortunately they either do not provide

complete sclutiona or are dependent upon technical conjectura.

Chapter 10 - The Recommended Plan

The Recommended Plan for CSA No. 9, serving Los Osos, Baywood, and
Cuesta-by-the-Sea, includes a gravity collection system, a tertiary

treatment plant, including nitrogen removal and filtration, and effluent

11-8
254a/8 5/2/86




disposal/reuse employing g¢groundwater recharge by rapid infiltration
basins. The total estimated project cost is $39.1 million in April 1986
dollars. First year operating cost is $500,000. Eight full-time staff
persons plus a secretary/clerk will be required to operate and malntain
the system. Additional administrative support for billing and manage-

ment would be required from the County.

CONCLUSIONS

As a result of the investigations, alternative analyses, and

conceptual design activities conducted during the planning process,

certain conclusions regarding wastewater management for San Luis Obiapo

County Service Area No. 9 can be drawn:

1. The Study Area is becoming water-short owing to a projected

overdraft on the groundwater basin.

2. Nitrate levels in the groundwater are rising owing to continued

operation and proliferation of septic tank leach field disposal systems.

3. Based on Conclusions 1 and 2 above, an appropriate wastewater

management goal is to recharge the local aguifers to the maximum extent

feasible., The County has gone on record stating this goal.

4. By the year 2000, the County Planning Department projects that
the population of the Study Area will grow from the present 13,100
persons to 18,700, or 43 percent. Ultimate population is projected at
28,200,

5. Using the population projecticns from above, the Stage One
(year 2000) treatment aystem will be designed for an average dry weather
flow capacity of 1.6 mgd. Allowances for infiltration and inflow will~
be 0.7 mgd during wet weathar.

6. Two locations for groundwater recharge appear feagible. One
for rapid infiltration by spreading in large basins is just south of
Highland Drive between Cabrillo Estates and Bay View Heights. Infiltra-
tion here will recharge primarily the upper aguifer with additional
penetration into the low aguifer, The other site is in Los Osos Craek,
for the one mile reach above Los Osos Valley Road Bridge. Discharge

here is expected to recharge the lower, Paso Robles Formation,
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7. The most probable effluent guality standards for discharge to
these locations require secondary treatment and nitrogen removal for
infiltration basinge and tertiary treatment for <c¢reek diacharge.
Discharge to Los 0s0s Creek will be limited to the summertime and
continuity between creek discharge and Morro Bay will be prohibited.

8. Alternative sewering systems are neither cost-effective nor
feasible for the Los 0Osos area. These systems have never been imple-

mented for a project with a scale slmilar to CSA No. 9.

9, The most cost-effective, reliable wastewater collection system
is by standard gravity sewers. Some small pockets of pressure sewers

may be feasible as determined in final design.

10. The most coste-effective, reliable treatment system to meet the
probable effluent gquality requirements is sequencing batch reactors
{SBRs).

11. Although the disposal/recharge site above Highland Drive
appears feasible (based on field work by others), additional field test-
ing and evaluations are raequired for final design to verify hydraulic

loading parameters and to determine hydrogeologic impacts.

12. While some elements of the non-conventional alternatives put
forth by local residentz appear attractive at first glance, unfortunate-
ly they either do not provide complete asolutions or are dependent upon
technical conjecture. Pursuing alternative systems, such as continuing
septic tanks, pumping the groundwater table down, and swapping this
water with farmers for their well water up the valley, or employing new,
untested technologiss is not likely to result in satisfactory solutions

to the problem.

13. The Recommended Plan for wastewater management for CSA No. 9
will have an estimated first cost of approximately $39 miliion and will

require about 50.5 million per year to operate and maintain,

RECOMMENDATIONS

Based on the findings and conclusions reached during the atudy and

presented herein, Engineering-Science recommends that the County take
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the following steps in the adoption and the implementation of The

Recommended Plan:

1-

2.

4.

254a/8

Conduct a workshop/public hearing in conjunction with the CSa
No. 9 Advisory Group to smolicit comments regarding this draft

report,

Submit The Recommended Plan to the Board of Supervisors for

adoption as The Wastewater Management Plan for CSA No. 9.

Complete the CEQA process by directing the Morre Group to

complete the EIR using The Recommended Plan as “the Project”.

Open negotiations with landowners for purchase of both the

treatment plant site and the infiltration basins sites; saecure

appraisals.

Direct ES to proceed with Phase Two and to conduct necessary
additional geological and hydrogeological field work for design

of the groundwater recharge systen.
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' ) STATE OF CALIFORNIA ' . GEORGE DEUKMEJIAN, Governor
' CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD — >
; CENTRAL COAST REGION 3
1102 A LAUREL LANE
. SAN LUIS DBISPO, CALIFDINIA 93401 .
(BOS) 548.3147
July 17, 1985 | R ECEIVE E\L
Mr. George Protopapas | JUL 191965
County Engineer
San Luis Obispo County ENGIRELR!NG- 5.2 708 IRC.
County Government Center MONTERZY, CALFCRNIA

San Luis Obispo, CA 93408
' Dear Mr. Protopapas:

SUBJECT: PROBABLE WASTE DISCHARGE REQUIREMENTS FDR SLO CSA$9, LOS OS0S

A

Listed below, for your information, are the probable waste discharge
requirements for the proposed Los Osos Treatment/Disposal Facility,
These limitations assume there will be a discharge to Los Osos Creek
when surface water continuity with Morro Bay does not exist, and
percolation basins will be utilized when Los Qsos Creek/Morro Bay oon-
tinuity does exist. These limitations will be initial staff recommenda-
tions and are subject to the public review process.,

Limitations are categorized as Prohibitions, Effluent Limitations, and.
Receiving Water Limitations as follows:

A. Prohibitions

1. The discharge of partially treated waste water is prohibit-

2. Discharge of petroleum products is prohibited.,

3. Discharge of waste water to water contact recreation areas
of [os Osos Creek is prohibited unless a benefit to the
receiving water can be realized fram the discharge.

4. Discharge of waste water to Los Osos Creek is prohibited
whenever surface water continuity exists between the dis~
charge point and Morro Bay, unless, between December 1 and
April 30, total flow through the plant and Precipitation on
storage ponds exceeds the wvolume of water projected to
result fram design flow plus seasonal Precipitation with a
projected recurrence interval of 25 years.

5. The discharge of treated waste water onto land areas within
100 feet of any well used for domestic supply or irrigation
of food crops is prohibited.
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B. Effluent Limitations

1. waste water discharged to Los Osos Creek shall be adeguately

3.

disinfected, oxidized, coagulated, clarified, filtered
wastewater, Waste water shall be considered adequately
disinfected if at gome location_in the treatment process the

Waste water discharged to Ios Osos Creek shall not exceed
the following limitations:

Parameter Mean Max,

Settleable Solids, mg/1 - 0.1

B, mg/1 10 25

Suspended Solids, mg/1 10 - 15

Turbidity, JTU 2

Chlorine Residual, mg/1 Undetectable

Dissolved Oxygen, mg/1 Minimum of 5.0 at all times

e | Within range of 6.5 to 8.3
at all times

0il and Grease, mg/1 10 20

Toxicity Concentration 0.59*

*No more than one of three consecutive static bioassays shall
result in less than 100% survival in undiluted effluent., No

single test shall ever result in less than 90% survival in
undiluted effluent (.59 tu).

Freeboard shall exceed two feet in lagoons and ponds (un-

less technical justification is provided to support lesser
freeboard),

Effluent discharged fram the treatment facility shall not
exceed the following limitations: )

Parameter ‘ Mean Max .,
Total Filtrable Residue, mg/1 WS + 250 WS + 500
Sodium, mg/1 "+ 7 * 4+ 140
Chloride, mg/1 " + 65 * +130
Sulfate, mg/l1 " + 40 " + 80
Total Bardness (as CaCog),mg/1 * + 30 "+ 60
Total Nitrogen (Nitrate plys Ste 10
Nitrite plus Kjeldahl) as N, mg/1

Settleable Solids, mi/] 0.1 0.5
BOD, mg/1 60 100
Suspended Solids, mg/1 ‘ 60 100
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**This limit will be based en the receiving water cbjective ang
determined after engineering justification is submitted on the
treatment scheme (to give credit for treatment, operational
techniques, and effect of the soil colum, as appropriate.)

S. Treatment and discharge shall not cause cbjectiocnable odors,

C. Receiving water Limitations

1. The discharge shall mot cause the following limits to be exceeded in
Los Osos Creek:

Maximum, mg/1
Constituent {Unless otherwise noted)

Aluminum - .
Arsenic 0.05
Beryllium 0.15
Boron 1.25
Cadmium 0.010
Chromium . 0.05
Cobalt 0.075 ,
Copper 0.045

*  Fluoride 1.5
Iron 7.5
Lead 0.05
Lithium 3.75
Manganese 0.3
Mercury 0.0003
Molybdenum 0.015
Nickel 0.3
Selenium 0.01
Silver 0.05
Vanadium 0.15
Zinc 0.3
M.B.A.S. 0.2
Phenols i

Polychlorinated Byphenyls
Un—ionized Ammonia (NH3 as N)
Phthalate Esters

0.000
OO O
oNO
N o
(P8

Endrin 0.0002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.005
2, 4-D 0.1
2,4,5-TP Silvex 0.01

pH Within limit of 7.0 to 8.3 at all times,

and not changed more than 0.5 units.
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Temperature

Turbidity (NTU)

Maximum increase of 5°F above natural
receiving water temperature

Not to exceed the following:
Natural Turbidity (NT),*NTU Maximum Increase
<50

208
50 <NT <100 10 NTU
>100 108

*"Natural Turbidity” shall be determined fram receiving water samples
taken upstream of the discharge point,

2. 'The discharge ghal]
ground water:

Constituent
——ns ent

Aluminum
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt

Copper
Fluoride
Iron

Lead
Lithium
Manganese
Mercury

Molybdenum

Nickel

Nitrate (As N)

Selenium
Silver
Vanadium
Zinc
Erdrin
Lindane

Methoxychlor

Toxaphene
2, 4-D

2,4,5~Tp Silvex
pH

not cause the following limits to be exceeded in

Maximum, mg/1

(Unless otherwise noted)
7.5

0
0.3
5.0
0.0
0.0
0.1
3.0
0.0002
0.004
.1

05

0
0.0
0.1
0.0
Within limit of 6.5 to 8.3 at all times,
amd not changed more than 0.5 wnits,




San Luis Obispo County
July 17, 1985

Page 5

3. The discharge to Los Osos Creek shall not cause surface waters
to be greater than .15 units or 10 percent above natural back-~
ground oolor, whichever is greater,

4. The discharge to los Osos Creek shall not contain biostim-
ulatory substances in concentrations which promote aquatic
growths that cause nuisance or adversely affect beneficial
uses,

5.

6.

7.

The discharge shall not cause the nitrate-nitrogen (NO3 as N)
level of groundwater to exceed 5.0 mg/1.

The discharge shall not cause concentrations of chemicals and

" radionuclides in groundwater to exceed limits set forth in

8.

Title 22, Chapter 15, Articles 4 and 5 of the California Admin-
istrative Code,

The discharge to Los Osos Creek shall not cause the fecal col-
iform concentration, based on a minimun of not less than five
samples for any 30-day period, to exceed a log mean of 200/100

ml, or cause more than ten percent of total samples during any
30-day period to exceed 400/100 m1,

The discharge shall not cause a violation of any applicable
water quality standard for receiving waters adopted by the Re-
gional Board or the State Water Rescurces Control Board as re-

quired by the Federal Clean Water Act and regulations adopted
thereunder.

Executive Officer

JG:sm

Cc:  Engineering Science, Monterey, Attn.: T.G. Cole
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" APPENDIX F

" PRESSURE SEWER INSTALLATIONS




FILE: STEPS QUTPUT =

s

RECO1L = 247;

SYSTEM. NAME = Outlet Bay WSD;

OPERATOR;

CONTACT = WASTEWATER SYSTEM OPERATOR;
ADDRESS = Rt. U, Box 138;

ADDREES = Sandpoint;

STATE = 1D;

ZIP = 83664;

CONSULTANT; .
CONSULTING. ENGR = JUB Engineers;
ADDRESS = 2005 Ironwood Parkwayi
ADDRESS = Cosur d‘Alene;

STATE = ID;

COLLECTION = STEPS:
TREATMENT = Lagoons, Spray irrigation;
DATE. OPERATIONAL = 1984;

FY Y

RECOL = 26&4&4; .

SYSTEM. NAME = Pinteo Point WSD;

OPERATOR:
CONTACT = Rog Olson;
ADDRESS = 4227 Wall Street;
ADDRESE = Spokane;
STATE = WA;
ZIP = 992035;

CONSULTANT;
CONSULTING. ENGR = LePard & Frame. Inc.:;
ADDRESS = &03 N 4th Strset;
ADDRESS = Coeur d‘Alene;
ETATE = ID;
ZIP = B3814;

TECHNOLOGY
COLLECTION = STEPS:;
TREATMENT = chmunitx Drainfield;

DATE. OPERATIONAL = 1984;

COMMENTS = Serves 353 homes;

|

FY ¥ ¥

RECO1L = 24&5;

SYSTEM. NAME = Southside Sewer District;

CONSUL TANT; )
CONSULTING. ENGR = Tucker Engineering:
ADDRESS = 417 Church Streset;
ADDRESS = Sandpoint;
ETATE = ID:;
ZIP = B83844;

TECHNOLQOGY:;
COLLECTION = STEPS:;
TREATMENT = Lagoons, Spray Irrigation;

DATE. OPERATIONAL = 1977;

COMMENTS = Serves about 130 homes;

VM/SP CONVERSATIONAL. MONITOR SYSTEM




FILE: STEP OUTPUT » VM/8P CONVERSATIONAL MONITOR SYSTEM

STATE = _II;

ZIP = 83814;
TECHNOLOGY;

COLLECTION = STEP:

TREATMENT = SOJIL ABSORPTIDN i
DATE. OPERATIONAL = 1981
COMMENTS = O, 023 MGD;

i

Y-
RECO1 = 9
SYSTEM, NAME = VENTURA COUNTY ;
OPERATOR;
CONTACT = JERRY NOWAK, DEPUTY DIRECTOR OF PUBLIC HORKS:
ADDRESS = FLOOD CONTROL AND NATER RESDURCES DEPT.
ADDRESS = PUBLIC WDRKS AGENCY
ADDRESS = COUNTY OF VENTURA:;
ADDRESS = 800 SOUTH VICTORIA AVE. .
ADDRESS = VENTURA;
STATE = CA;
ZIP = 93009

COLLECTION = STEP
TREATMENT = AERATED LAGOBN.
DATE. OPERATIONAL = 1983

COMMENTS = 2,241 PEOPLE. 0.2 MGD;




FILE: STEP OUTPUT » VM/SP CONVERSATIONAL MONITOR SYETEM

TECHNOLOGY
COLLECTION = STEP ;

DATE. OPERATIONAL = 1982;

COMMENTS = 0. 08 MGD;

i

y Ed

RECO1 = 34,

SYSTEM. NAME = BLACK BUTTE

OPERATOR;
CONTACT = WASTEWATER EYSTEM OPERATOR;
ADDRESS = BLACK BUTTE:
STATE =_OR:;
ZIP = 97701

CONSULTANT,
CONSULTING. ENGR = CENTURY WEST ENGINEERS:
ADDRESS = BEND:

TECHNOLOGY!
COLLECTION = STEP;
DATE. OPERATIONAL = 1976&;

i
*5 %N

RECO1 33

SYSTEM. NAHE = BEND 1

OPERATOR;
CONTACT = WASTEWATER SYSTEM OPERATOR:
ADDRESS =RBEND

4
CONSULTANT;
CONSULTING. ENGR = C & @ ENGINEERS:
ADDRESS = SALEM;
STATE =_OR;
ZIP = 97302;
TECHNOLOGY:
COLLECTION = STEP . VACUUM SEWER;
DATE. OPERATIONAL = 1980
COMMENTS = PRESSURE SEWER SYSTEM COLLECTS DOMESTIC SEPTIC TANK

GE. H 8Y
AND DISCHARGES INTO EXITING GRAVITY SEWER MAING,

0 9 % 3%
RECOL = 32;
SYSETEM. NAME = Avery WSD;
OPERATOR;
CONTACT = WASTEWATER SYSTEM OPERATORI
ADDREES = Box 133
ADDRESSE = Avery:
ETATE = IDs
ZIP = 838021
CONSULTANT
CONSULTING ENGR = V., DAVID WELCH ENGINEERS;
ADDRESS = COEUR D'ALENE;




FILE: STEP QUTPUT * VM/SP CONVERSATIONAL MONITOR SYSTEM

ADDRESS = CDEUR D'ALENE;
STATE = ID;
ZIF = 83814;
TECHNOLOGY:
COLLECTION = STEP ;
TREATHENT = LAGOON;
TREATMENT = Land Ag;lication (Spray irrigation);
DATE. OPERATIONAL =
COMMENTS = 0. 023 MGD:;
i
% W%
RECO1L = 54;
SYSTEM. NAME = KALLISPELL BAY SEWAGE WORKS ;
OPERATOR:
CONTACT = HASTEH&TER SYSTEM DPERATOR:
ADDRESS = PRIEST RIVER;
STATE = 1ID;
CONSULTANT;
CONSULTING. ENGR = K. A. DURTSCHI & ASSOC.
ADDRESS -DCOEUR D‘ALENE;

4
TECHNOLOG
CDLLECTIDN = STEP i
TREATMENT = LAGOON
DATE. OPERATIONAL = 1974;
COMMENTS = 0. 036 MGD:

-
RECO: = 53,
GYSTEM. NAME = Coolin WSDi;
OPERATOR;
CONTACT = HASTEHATER SYSTEM OPERATOR:
ADDRESS = Coolini
STATE = IDi;
CONSUL TANT;
CONSULTING. ENGR K. A DURTSCHI & ASSOC.:
ADDRESS = COEUR D‘ALENE.
STATE = ID;
ZIP = B36814;
TECHNOLOGY:
COLLECTION = STEP ;
TREATMENT = LAGOON ;
TREATMENT = Land Agglication (spray irrigation);
DATE. OPERATIONAL =
COMMENTS = Q. 0B2 MGD;

W
RECO1 = 33;
SYSTEM. NAME = EAST SOUND

OPERATUR;
CONTACT = WASTEWATER SYSTEM OPERATOR:
ADDRESE = EAST SOUND:
ETATE = WA
ZIP = 98245;



FILE: STEP ouTPUT » VM/SP CONVERSATIONAL MONITOR SYSTEM

ADDRESS = Bella Vista;
STATE = AR;
ZIP = 72712;
TECHNDLOGY
COLLECTION = STEP
TREATMENT = EXTENDED AERATION;
DATE. DPERATIDNAL = 1978;
COMMENTS = 0. 400 MGD:
%% N¥
RECQL = 103;
SYSTEM. NAME = RINGWOOD BOROUGH SEWAGE AUTHORITY:
OPERATOR

CONTACT = WASTEWATER SYSTEM OPERATOR:

ADDRESS = RINGWOGCD:

STATE = NJ:

ZIP = 07436&;
TECHNOLOGY

COLLECTION = STEP ;

TREATMENT = SHALL-DIAHETER GRAVITY SEWER;
DATE. OPERATIONAL = 198
COMMENTS = < 0,173 HGD.

9%

RECO1 = 35&;

SYSTEM. NAME = City of Harrison;

OPERATOR;
CONTACT = WASTEWATER SYSTEM OPERATOR;
ADDRESS = Box 73;
ADDREES = Harrisan;
ETATE = IDi
ZIP = 83833

CONSULTANT:
CONSULTING. ENGR = URES ENGINEERS:
ADDRESS = SEATTLE:
STATE = WA;
ZIP 98101;

TECHNOLDGY
COLLECTION = STEP
TREATMENT - AERATED LAGOON:;
ATMENT = Stream discharge;
DATE OPERATIONAL = 1977;
COMMENTS = 0. 024 MGD;

i
]
RECO1 = 3%4;
SYSTEM. NAHE = Bottle Bay WSD,;
OPERATOR
CDNTACT = WASTEWATER SYSTEM OPERATOR;
ADDRESS = Box &&8:;
ADDRESS = Sandpoint;
BTATE = _1D:

AN
CONSULTINO ENGR = K. A. DURTSCHI & ASSOC.;



FILE: STEP OUTPUT »* VM/SP CONVERSATIONAL MONITOR SYSTEM

STATE = NC:
ZIP = 28201;
TECHNOLODGY
COLLECTIUN = STEP ;
TREATMENT = LAGOON;
DATE. OPERATIONAL = 1980;
~COMMENTS = 0.25 MGD:

H-
RECO1 = 127;
SYSTEM. NAME = CRANDVIEW LAME (PRIVATE UTILITY);
OPERATOR;
CONTACT = MR. JAMES MOORE;
ADDRESS = COLUMBUS:

Z
CONSULTANT
CONSULTING. ENGR = FREESE AND ABPLANALP;
ADDRESS = FRANKLIN;
STATE = IN;

TECHNOLOGY:
COLLECTION = QGRINDER PUMP PRESSURE SEWER. STEP;
TREATMENT = AERATED LﬂGOD
BATE. OPERATIONAL = 1970
nggEngI- 200 HOMES., 3 MILES WEST OF COLUMBUS, IN, PHONE (812)

]
RECO1 = 119;
SYSTEM. NAME = GARDINER
OPERATOR
CONTACT = WASTEWATER SYSTEM OPERATOR:
ADDRESS = GARDINER;
STATE = NY;
ZIP = 12325
CDNSULTANT;
CONSULTING. ENGR = ERICKSON AND SILBER:
TECHNOLOGY:
COLLECTION = STEP ;
TREATMENT = INTERMITTENT SAND FILTER:
DATE. OPERATIONAL = 1982
COMMENTE = 20 HOMES, O.09% MGD;

F

e
RECO1 = 109;

SYSTEM. NAME = .
OPERATOR:
CONTACT = David Thrasher;
ADDRESS = ECCO Services:
ADDRESS = Bnlla Vista;

CONSULTING ENGR = COOPER CONSULTANTS;




FILE: STEP QUTPUT * VM/SP CONVERSATIONAL MONITOR SYSTEM

TECHNOLOGY:
COLLECTION = STEP pressure Sewer;
TREATMENT = [agooni

CONHENTS = 31 homesi

P
RECO1 = 174;
SYSTEM. NAME = PORT CHARLOTTE
OPERATOR,
CONTACT = WASTEWATER SYSTEM OPERATOR:
ADDRESS = PORT CHARLOTTE;
STATE = FL;
ZIP = 33950;
CONSULTANT
CONSULTING. ENGR = GENERAL DEVELDPMENT UTILITIES ENGINEERS:
ADDRESS = 1111 SOUTH BAYSHORE DR.
ADDRESS = MIAMI;
STATE = FL;

&
COLLECTION = STEP
TREATMENT = EKTENDED AERAT IONS:
DATE. OPERATIONAL = 1972;
COMMENTS = &2 UNITS., PACKAGE PLANT TREATS SEPTIC TANK EFFLUENT ONLY:

¥
%% %
RECOL = 173;
SYSTEM. NAME = PORT ST. LUCIE
OPERATOR
CONTACT = UASTEHATER SYSTEM OPERATOR;
ADDRESS = PORT S LUCIE;

4
CONSULTAN
CDNSULTING ENGR = CENERAL DEVELOPMENT UTILITIES ENGINEERS:
ADDRESS ;Ltlll S8OUTH BAYSHORE DR. ADDRESS = MIAMI;

TECHNDLOGY:
COLLECTION = STEP
TREATMENT = EXTENDED AERATION, PACKAGE TREATMENT PLANT:
DATE. OPERATIONAL = 1972;
COMMENTS = 191 UNITS, DISCHARGES TO CONVENTIONAL GRAVITY SEWER;

NN
RECO1 = 14%;
SYSTEM. NAME = UNION COUNTY
OPERATOR;
CONTACT = WASTEWATER SYSTEM OPERATOR;
ADDRESS = WAXHAW

CONSULTANT;
CONSULTING. ENGR = H D. & R.;
ADCRESS = CHARLOTTE:




FILE: STEP OUTPUT  » VM/SP CONVERSATIONAL MONITOR SYSTEM

COMMENTS = One pump per 2-4 dwellings;

Tl

RECO1 = 227;

SYSTEM. NAME = Westboro:;

OPERATOR;
CONTACT = WASTEWATER SYSTEM OPERATOR;
ADDRESS -Iuestboro;

CONSULTANT;
CONSULTING. ENGR = Richard J. Otis;
ADDRESE = P. 0. Box 9443;
ADDRESE = Madisoni

STATE = WIi
ZIP = 53715;
TECHNOLOGY
CDLLECTIDN = Small dxameter ravity sewer. step units;
TREATMENT = Septic tanks. 1 absorption fields:

DATE. OFERATIONAL = _;

COMMENTS = 30,000 gal per daq. &9 connections.
septic tank_ 4 PVC gravity sswers _connect homes
stations., 30 conneclions r& UIRE STEP UNITS. T
ABSORPTIDN FIELDS QIVE TREATMENT AT A LOADING OF

,E
RECCOL = 223
SYSTEM. NAME = Fountain Run:
OPERATOR,;

CONTACT = Fountain Runi

ome has 1000 gal
community 1if¢

CONSULTANT;
CONSULTING. ENGR = Parrott, Ely & Hurt;
ADDRESS = Consvlting Engineers, Inc.:
ADDRESS = Lexington;
STATE = NY;
ZIP = 40302;
TECHNOLOGY !
COLLECTION = STEP pressure seouwer)
TREATMENT = Community absorption trenches;
DATE. DPERATIONAL = n/a;
COMMENTS = 122 customers;

;l**
RECO1 = 222;
SYSTEMDgAHE = Grady W. Taylor Subdivision;

aP
CDNTECT -LHt Andrew;
CONSULTANT;

CONSULTING, ENGR = Tuskegee Institute;

ADDRESS = Tuskegaee;

STATE = AL,

ZIP = J4608B8;

o




APPENDIX G

VARIABLE~GRADE GRAVITY SEWER INSTALLATIONS




*¢ReT OTYQ *TIRUUTOUT) *THIW VLASH ¢, S°TIFunumno) palamasu) 10}
wo3sAg wOTIDST[O) 191IEMOISEM BATIBUIRITY UY :SIandg AJTA®IH 1919WETQ [TPWS, °°('¥ fSTI0  HONTHHEATH

0iIpo :

. 1000 10y SUITIS 114 PAIRISYS ] . sadoys apis dosis [Ty
otry g Seke Ve T LA TPOUTHO Bue Serouel e .| — | — |wes [wer | — jwoiesy 08 pur rearnd 10 doy aos) “enedn
I-i_a Wi
TINOUENY DUT SHIOUUIL —
WOK SN VIYI0T) - ZO6L ; — — | WOEE'6 ot Bundors A 005 b
siseuiuy 190rs ¥ U0y [iequeseg | P09 wentye “d.}i,.ﬂwn LRI %ot | %L | W 1 (1 T
MIOEE) g 2061 Jompes wopune 008 —_ - - | %8 ] e |uwnrge oo ..uu..d.ncﬁ..? Ansis 00€ l.__-_“eaﬁ__-__.cu-w
Ayl ¥ 1Tam "HequIoADN . . ot Aimieiopow ‘ybi )
won Arepwog s
wurlag, ‘Bingivoeng T8 . —_ —_ - 1 %] ‘081 181em (Puosest uli [+ .1 i )
‘2 DOSEY | UORIPUY Awypy WPl WOpun. X ] L% “re W SE8'9 k S IIY MON
oo L]
NIOMIBUY JO TUOHIPY THOS pRATIp Aoog o), MeN
wox mey ‘o €6l . - - b= 1uszsay o tadort Aprs dang ooz ,
T'd Mo T g e fmoh -lﬂ:ﬂw....ﬂ.huzn NOL wET | Wi ‘Wsotoq ARyea 1 Bujuro) Ninog
. votiels Yn MO L YI0IPOQ PaNABIY WEUOITIM
unuoIm A Aeg Vesin) 1981 . - — 1| — — | nooe 9 - o5t !
ey 3 WG UeA § 04 | recmron| 1O g Susbieuds wsa %00 ¥ mopeus Aioa 14 pooserde)y o
UI®IE 1 W .
#0ui018 $A1000) Aoyl aris o3 dasp Liie1enory
OUERP) "OUStY D Inec) R ™ E — _ - o] - o89'9 og WONOA ASUEA INPHINGRY 08 .on!_.-u_
o "aotry uem g A Preaquandeg | e e wez . - v pops deels ‘woHEN ¥
Werpai0 WIoHINe
.08 IBITM FUOSERS Ui wiokQ WINDG
TIOWI() YINOG VoMY ooat E -— —_ — nae ] “SHOS pONEID AMIODg 501 .
Bousedu3 110G “MRUSACN wepesd wiopurye L34 RET [Nl 999 iy e Jagiin
AIRUOITAL UOROSYY SnereidAunnit prite "D gom wsuoonm
WMWRDIDID e i o IERTE N RS AL el O Bl b L g -Boxckns Amees) 002 ‘oloaisem
BB 10 Awessanin) T umpei wiopeie .
vasn st ainsserd suoS» %0%
- »
| vormAIpy SuoH meertd | surnp rereurrD weams wia| M -l-1-1-1f .| 1o 1 Sudors Miven 001 W
" .
' N YIITeenY DUy 1INy wazﬁs_.ﬁ.i-avo.-.uﬁﬁ S
‘sIbd | .9 ) - oL | ™iI0L
INTENO NOWDINNDD NOILOINNOD VA VHGAHY d0d ALINOINOD
o SUITNIONT NDISID 3Lva SLNINNOD HIONIY p— 1_ ON S3UNL

PamMaiaay $133f0dd uieig 1vany}j3 jo Asewwng 2 I1qFL
o

na—
-




l

APPENDIX H

MORRO GROUP LETTER REPORT RE DISPOSAL SITE 6




e

Jenuery 9, 1985 €8 ©

o
Office of the Environmental Coordinator = -
County Government Center o
San Luis Obispo, CA 93402 e
ATTN: Mr. Vincent Morici S
w =

SUBJECT: Geological and Geophysical Investigations of Proposed Disposal Site 6 and Conceptua‘lq P

Infiltration Model, CSA 9 Weslewealer Treatment Facilities

Dear Mr. Morici:

The following report summarizes the results of geologica! and geophysical investigations of proposed
wastewater disposal Site 6. The geological investigation of the site and adjacent aress to the south wes
undertaken concurrently with with the Phase 1 soils investigation conducted by Pecific Geoscience. The
geophysical investigation was conducted es a part of Phess 2 to further refine the thickness of the
wind-blown send unit on the site. The primery objective of the geological and geophysica! (nvestigations
has been to evaluate the feasibility of wastewater dispesal and groundwater recharge at Site 6. The
conceptual infiltration model has been developed for use in conjunction with the soils dats in this

evaluation.

RESULTS OF INYESTIGATIONS
Geqlogical Characteristics of the Sit

Site 6 is located near the southern edge of the sheet of wind-blown sand that extends upslope from the
old sand dunes that under lie Baywood Perk and the northerly portions of Los Osos. As aresult, the
surficial geologic unit at the site is simost everywhere composed of poor ly consolideted, fine sand with
relstively small amounts of silt and essentially no clay.

The wind-blown sand unit is under lain at varying depths by moderately consolidated sandstone, sHtstone
and cleystone sssigned herein 1o the Paso Robles Formation. The Paso Robles Formation aiso crops out &s
local patches in the extreme south portion of the site and as & more continuous band at the crest of the
ridge immediately south of the sile (Figure 1). Addilional outcrops may be present within the mepped

Slanning / Design/ Environmental Bervicas « P.O. Box BEH7 » Los Osos, CA. 83402 ¢ [(B0O5] EeB8-5111




area. However , because of the biclogical sensilivity of the sile and the dense cover of brush on most of
its southeriy portion, the investigation was limited to existing trails and open areas immedistely
adjacent to these tralls. The Paso Robles Formation was aiso identifted in borings 1, 2, and S by the
presance of clayey silistone and silly claystona. It may also be present in the other four borings drilied
during the soils investigation. However, distinguishing Peso Robles sand from the wind-blown sand in
samples recovered during dritling is difficult, and a relisble identification of Paso Robles Formation in
the remaining four borings wes not possible.

The Paso Robles Formation is underlain by the Miguelito Member of the Pismo Formation which consists
primarily of relatively hard and resistent beds of siltsione and claystone. This unit crops out slong the
ridge to the south of the site, but it was not encountered in any of the borings drilled during the solls
investigation.

Results of the Geoghvsical investigali

Twenty-nine seismic refraction profiles were shot at and adjacent to the site to further delineate the
thickness of the wind-blown send unil. The first S profiies (4 at borings and one on the Paso Rables
outcrop) were shot during Phase 1 to test the reliability of the method, and the remaining 24 profiles
were shol as 6 part of Phase 2 investigations. These data indicate thet the seismic velocity of the
wind-blown sand unit is approximately 1100-1300 ft/sec. while that of the Paso Robles Formation is
approximately 2000-3000 ft/sec. The change in velocity is "sharp”, indicating & significent change in
induration of the soil/rock units, and also that the change in velocity may be a more reliable indication
of the top of the Paso Robles Formation than drilling samples.

The locations of the seismic profiles, the indicated thickness of the wind-blown sand unil, and contours
on the thickness of this unit are shown on Figure 1. These data indicate that the wind-blown sand unit i1s
25-40 feet thick on the western third of the site, that it is 15-30 feet thick on the northeasterly third
of the site, and that it is 0- 15 feet thick on the southeasterly third of the site.

In addition to investigeting the wind-blown sand thickness, the profile nearest the northeest corner of
the site was extended to the maximum capability of the equipment available ( 300°) to test for possible
shallow groundwater in this area. A seismic velocity indicative of saturated sand (i.e., greater than
5,000 ft/sec.} was not observed, indicating that groundwater beneath this part of the site is at 8 depih
grester than 117 feet beluw.the surface. Groundwaler beneath the northwester ly portion of the site is
known 1o ba below 150 fest from monitoring of well 24A1 located near the south end of Alexander
Avenue.




CONCEPTUAL INFILTRATION MODEL
g trv of the Geglogical Unit

A cross section of a conceptus! infiltration mode! based on the geologics! and geophysical investigations
conducted on Site 6 is shown on Figure 2. The surface slope is shown at 128 loward the north which is
about average for the site. The slope is steeper (aboul 14-16%) on the southwester ly third of the sile,
end more gentle (8- 108 ) nesr its easterly and northerly fringes. The thickness of the wind-blown
sand unit is shown es being approximately 20 feet, and thickening downslope toward the north. This unil
s thicker (30-40 feet) beneath the wester ly and norther ly portions of the site (Figure 1), and thinner
beneath the southeasterly pert of the site.

Bedding within the underlying Paso Robles Formation is presumed 1o be inctined toward the north at
approximatsly 18% { 107) basad on the dip of this formation in en outcrop nesr the southeast corner of
the site, and northerly dips in this general range mapped by Hall, Ernst, Prior and Wiese ( 1979) in
Peso Robles outcrops along the south flank of the basin. The inclination of bedding exposed in the largest
of the Peso Robles outcrops on the site is difficult to determine, but would also appear to be
northwesterly at epproximstely 8- 10, Northerly dip at about 10° is consistent with correlation of the
clay beds in this outcrop with a clay 2one in Boring 2 at 40-50 feet and in the USGS South Broderson
well at 346~370 feel. This inclination would facilitete infiltration of percolated wastewater from the
wind-blown sand unit into the Peso Robles beds. However, it is probably not criticsl to the overall
determination of the feasibility of disposal/recharge at the sile provided at igest some of the Peso Robles
beds at the base of the wind-blown sand unit are permesble ssnd. Since the upper 207 feet of section
encountered in the USGS well is primarily send, this would eppear to be 8 reasonsble assumption.

Geometry of the Infiltration Basi

Because of the moderetely steep slopes of Site 6, it is assumed that the infiltration basins would be
constructed es elongste trenches oriented appraximately parallel to the surface contours {i.e., near
east-west) rather then as typical ponds with roughly equal dimensions. Also, subsurface conditions are
such that dispersal of the infiltrating wastewater to the groundwaler system will be facilitated by &
basin configuration that is as long 8s is otherwise feesible in a direction paraliel o the surfece contours.
For purpaoses of the conceptus! model, & typical infiltrelion basin s assumed lo be approximately 10 feet
deep, have a bottom width of 60 feet, and be constructed spproximately as shown on Figure 2.




: teati

Basad on the Pacific Geoscience report of December 4, 1985, percolstion rales in the wind-blown sand
unit are summar ized as follows:

10 feet 25 feet

Baring

] 0.2 1.0
2 0.7 1.0
3 0.1 50
4 27 4.0
S 0.1 -

6 0.1 0.1
7 0.1 0.1

The one percolation test conducted in sand of the Paso Robles Formetion (et 25 feet in Boring S) yielded 8
rate of 13 minutes/inch, which is about one order of magintude slower than the 25-foot tests in the
wind-blown sand unit.

Based on these test data, Pacific Geoscience ( Shallenberger, per. comm.} hes suggested that a rate of 3
minutes/inch 40 feet/day) would be ressonably conservative for the percolation rate parallel to
bedding in fresh exposures of the the wind-blown send unit. While testing of the Paso Robies sands was
limited to one boring, 11 would appear reasonably conservative to essume for modeling purposes that the
percolation rate for this formation is sbout 1/10th tha rate for the wind-blown sand unit.

There are lwo "critical windows" through which the infiltreting wastewater must pass given the
configuration of the model as depicted on Figure 2. The first is the bottom of the percolation trench,

snnoteted Q on Figure 2, and the second is the downslope window, annotated Q,, between the bottom of

the trench and the top of the Paso Robles. If flow @, is assumed to be vertical, then it would be

primarily ecross bedding, and a reduction in the infiltrelion rate would have to be considered. Feclors of
1/101th the horizontal rate have been suggested as being conservetive for this assumption even though
the wind- blown sand unit is relatively homogenous in comparison to most bedded sand soils. On the
other hand, the bottam of the trench will intersect the sheet sand et an angle of 122, and an upper limil
on the reduction in infiliration would eppear to be a factor of 1/8th of the tested rate {5 feet/day) for
fresh expasures in the bottom of the trench.



An alternative approach would be to consider rales of infiltration thal can be derived from
permeabilities for wind-blown sand availeble in lhe literature. Lambe and Whitmen { 1969, p. 287)
gtve permeabilities of dune sand as being In the range of 0.1-0.3 cm/sec. I the lower end of this rele is
sssumed, i.e. 0. I-cm/sec. or 283 ft/day, and the slope is 12%, then a rate of infiltration, laterally end
parallel o bedding in the sheet sand and also the surface slope, of 34 ft/day can be inlerpreted as being
passibly applicable to the computation of infiltration retes. This value is very clase to the 40 ft/day
interpreted as a conservalive rate from the percolation tests. This, in turn, suggests thal a rale in this
approximate range is applicable whether it be vertlical and scross bedding as for the botlom of the
trench, or whether it be on 8 slope of 128 and paralle] to bedding which can be applied lo the downslope
window or o the botlom of the trench as an upper limit for fresh exposures.

Based on these values, and assuming a trench width of 60 feet and average wet-weather loadings of 2.0
mgd (6. 14 ac-ft/day), o trench length of only 111 feet would be required jf the trench bottom would

maintain its initial permeahility throughout its period of use More realistically, a trench length of
about 1,000 is considered minimal which would provide e sefety fector for deterioration of trench-

bottom permeability of approximately 10. Also, H will be necessary to distribute infiltration along a
length of approximately §,000 feet if fiow through the critical downslope window Is to be provided for.
Based on the percolation/permeability factors developed above and assuming & trench length of §,000

feet, the height of the water column through window Q5 of Figure 2 wou!d be approximately 6.7 feet.

This can be provided for in the design of the infiitretion trenches 1f the wind-blown sand unit is at least
15-20 feet thick. If the trenches were to be excavated on a thinner wind-blown sand section, then
downslope sur facing of wastewater may occur, and the stability of the downslope berm of the infiltration
trenches would be highly suspect.

These preliminary considerations suggest that trench-bottom permeability and deterioration with use is _
not the critical design factor, but rather that maintenance of an adequete downslope window within the
wind-blown sand unit is the critical design constraint. Available data suggest that 15 feet of wind-blown
sand would be minimal for a 1 ,000-foot trench length, and that at least 20-25 feet of wind-blown sand
wouid preferable.

Dawnslope [nfiltration o the Groundwater Syst

In the discussion above, it is assumed thel the wastewater would flow downslope within the wind-blown
sand section for an indefinite dislance. In actusal application, the percolated wastewater will gradually
infiltrate downward into the Paso Robles Formation 83, at the northerly edge of the site, the groundwster
teble is approximately 100 feet below the top of this unit. Assuming infiltration into the Paso Robles st

5




arate 1/10th thet of the wind-blown sand unit and s funclional trench boltom of 60 feet, 81l of the
weslewater percoiated into the wind-blown sand unil would infiltrate into the upper Paso Robles
Formation within a distance of approximately 600 feet downslope from the percolstion trenches. Even if
these estimates were 1o be off by 6 factor of 10 or more, there should still be no surfacing of percolsted
wastewster in the developed ares downslope.

If you have any questions on the resulls of these investigations, please csll me al 805/528-2187.

Sincerley,

&en’w\a ' C"Y"‘D
Donald 0. Asquith
Engineering Geologist, E0-913
Registered Geophrysicist, OP-86

cc: Pacific Geoscience
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/APPENDIX I

SLO COUNTY. mmwas BLACK mxz SEPTIC TANK EFPLUENT




R ECEIVER)

APR 91986
EﬂGlNEER!NS~SCiEﬂCE, INC.

MON’TEREY. CALlFORNIA
July 29, 1981

MEMORANDUM
TO: Hal Wilkinson
FROM: Percy Garcia

SUBJECT: Treatment of Black Lakes Septic Tank Effluent
With Sulfur and Lime

Following are the results of the recent treatment with
sulfur and lime of the Black Lakes septic tank effluent:

6-17-81 6=16=81
.Constituents Source State Eff, 803 + Lime
Bacte. Analysis , 2 240 #1 Coliformz 240

- Z 240 Fecal 15

TDS 693 1,149 1,881

Cl €1.7 lé69 81.9

Na 7% 144 174
$0, 256 215 776
NO, | 4.43 0.35
NH3-N 2,71 $1 = 31.6

' $2 = 27.9

3= 5.7

Total Kjeldahl 0.6 43.5 38,2
C.0.D. 138 268
B.O.D. 170 105
Sus. Solids 10 8




Memo to Hal Wilkij 2 July 29, 1981

The samples were collected by Doug Jones,

Ir.
1. The TDS increased 63%.
2. The Na increased 21%. '
3. The SO, increased 261%.
4. The NO, reduction = 92%.
5. The NH3-N increased 110%.
6. The Total Kjeldahl reduction = 12%.
7. The C.0.D. increased 94%,. )
8. The B.O.D. reduction = 38%,
9. The Suspended Solids reduction = 20%.
II,

By adding sulfur and lime we observed the increases
on:

™S - 63%
Na = 21%
so4 - 261%
NH3-N - ll0s
C.0.D. = 94¢
Reductions on:
N03 = 92%
Total - 12%
Kjeldahl
B.0.D. = 38s
Suspended - 20%
Selids

The addition of the two elements of sulfur and lime, while
causing a reduction in some elements, had an overall detri-
mental effect of increasing other key elements. What appear-
ed to be a reduction, for instance, in nitrates, was actually

a chemical change of nitrates to ammonia. The bacterial
count was quite high,

The sampling, done by Doug Jones, was not taken in stages.
Because only the effluent was actually sampled, it is im-
possible to determine where the problem with the treatment
actually appeared.

PG/dk






